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NOTEBOOK 


NATIONAL® BIOLOGICAL STAINS 
for Cytoplasmic Staining 


Counterstaining the cytoplasm a contrasting color to the 
stained nuclei to permit examination of tissue cells in their 
entirety has made this group of stains important in histologic 
work and an important part of National’s comprehensive line 
of Biological Stains. 


Acid Fuchsin, Eosin B, Eosin Y, Erythrosin B, Orange G, and 
Phloxine B are frequently used in combination with other 


nuclear stains. The wide range of colors available affords 
ample choice of contrasting colors. 


Likewise in trichrome or one-step trichrome stains, there 
are multiple choices of cytoplasmic and nuclear stains to 
accomplish sharp differentiation. Cytoplasmic stains are 
also valuable as counterstains in demonstrating fungi, 
mucin, elastic fibers, reticulum or bacteria. 


For your convenience in ordering, we list the National 
Commission Certified Biological Stains most frequently 
specified for Cytoplasmic Staining: 
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#594—Light Green SF Yellowish #690—Orange C 
#602—Phloxine B 


NATIONAL| BIOLOGICAL STAINS and INDICATORS 
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to books and the other to periodical 
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jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 
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PARAGON STAINS PARAMOUNT QUALITY 


Tested and proven stains of the very highest quality 


PAPANICOLAOU STAINS-PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou stains prepared according to the original formulae for the cytological diagnosis 
of cancer by means uf the smear technic. 


These stains conform to |’aragon’s rigid standard of excellence in every way at a modest 
cost that renders preparation by the laboratory technician unnecessary. 

STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct differential stain- 
ing, color balance and transparency. 
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PAPANICOLAOU STAIN—PARAGON EA-36 


For general staining of vaginal and cervical smears and in endocrine studies, 


PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and pleural fluids, ete. 
Similar to EA-36 but yielding better differentiation in the presence of mucus. 


PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and [:A-65 in the Papanicolaou technic. 


HARRIS HEMATOXYLIN—PARAGON (modified) 


For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated for Papani- 
colaou staining. It yields a sharp blue nuclear stain with no staining of the cytoplasm. 
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PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes only, a 
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Bottle Bottle 
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PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
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Manufactured exclusively by 


PARAGON C. & ©. CO., inc. 2540 Belmont Ave., New York 58, W.Y. 


Cable Address: Wijeno, New York 


¥ 


BRING YOUR Measbees HIDDEN INFLAMMATION 


TO LIGHT WITH 


(C-reactive Protein Antiserum, Schieffelin) 


¢ C-Reactive protein in serum only when in- 
flammation exists. 


Unlike E.S.R., no “Normal” range... either 
negative or positive. 


No false positives. 


Simpler . . . faster... more reliable aid to 
diagnosis. 


Quantity of precipitate reflects severity of 
condition .. . Precipitate diminishes as 
therapy reduces inflammation. 


Both venous blood and blood obtained by the 
“finger tip technique” (punctured as for blood 
count) can be used with equally reliable results. 


To make the test procedure fast and convenient 
a new compact C.R.P.A. Test Kit is now 
available; it contains C.R.P.A., CRP-Positest 
control solution, capillary tubes, test rack, and 


illustrated directions. 


Supplied: 


COMPLETE LITERATURE ON C.R.P.A, IN DETECTION OF 
TEST KIT (For the complete procedure) 


RHEUMATIC DISEASES, MYOCARDIAL INFARCTION, AND 


C.R.P.A, eee 1 ml. vials (80-110 determinations) MANY OTHER DISEASE STATES ON REQUEST 


CRP-POSITEST* . . . 0.5 ml. vials 


(Standardized test-control solution 


Co 


CAPILLARY TUBES New York 3, N. Y. + Since 1794 
(Two sizes) . .. 0.8 mm ID — 1.5mm ID Laboratory Products Division 
*Trademark In Canada: William Sofin & Co., Ltd., Montreal 25, Quebec 
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of Micrococcus Pyogenes Var. Aureus 


With the Technical Assistance of Olga K. Troc 


As very high levels of penicillin re- 
sistance were attained in this study of Mi- 
crococcus pyogenes var, aureus, cross 
resistance to most other antibiotic drugs ap- 
peared. This type of observation has raised 
the question as to the future usefulness of 
penicillin in treating infections due to this 
organism. Antibacterial chemicals did not 
appear to have this drawback, suggesting 
that they may become of increasing thera- 
peutic the future. This 
phenomenon of crossed resistance was not 


importance in 


encountered in dealing with organisms such 
as Pseudomonas aeruginosa and Aerobacter 
aerogenes.! 

With the widespread use of penicillin in 
the treatment of infections, the problem of 
antibiotic among pathogenic 
strains of M. pyogenes var. aureus has been 
extensively studied by American and Euro- 
pean Although the 
reports dealt with penicillin resistance, this 
organism has shown and is showing in- 
creased tendency to mutation and resistance 


resistance 


investigators. earlier 


to all mycins. This problem has become so 
important in clinical medicine that The 
Journal of the American Medical Associa- 
tion has dealt with it in editorials in 1954? 
and 1955.8 


Submitted for publication Dec. 15, 1956. 

Departments of Urology and Microbiology, 
Columbia University College of Physicians and 
Surgeons, and the Squier Urological Clinic, Pres- 
byterian Hospital. 


Some Implications of Increasing Antibiotic Resistance 


HARRY SENECA, M.D., and JOHN K. LATTIMER, M.D., New York 


Comparative studies among inpatients and 
outpatients have revealed important and in- 
teresting facts. Penicillin resistance in hos- 
pitalized patients is on the increase, and 
about three-fourths of the strains from in- 
Such re- 
been 


patients are penicillin-resistant. 
sistant micrococeci have frequently 
isolated from nose and throat cultures of 
patients in hospitals, although no penicillin 
therapy had been administered to them, On 
their first admission most of the patients do 
not have penicillin-resistant micrococci, in 
contrast to those who have been under treat- 
ment in the hospital for some time. Hospital 
personnel harbor more resistant micrococci 
than do people who work elsewhere, Al- 
though outpatient clinic patients have fewer 
resistant micrococci, those who frequent 
clinies or have had penicillin therapy harbor 
more resistant strains than intermittent visi- 
tors to the clinics. Most penicillin-resistant 
micrococci in hospitals are homogeneous or 
belong to the same phage group, while those 
found in outpatients or among the general 
population are heterogeneous and quite 
varied, indicating that the resistant strains 
are often acquired through cross infection 
from other patients or hospital personnel. 
The incidence of resistance is higher among 
urban than among rural populations. It is 
also closely related to the over-all frequency 
in the use of penicillin.?* 


481 


AM.A. ARCHIVES OF 
~ 
= 


Micrococeal resistance to the other mycins 
also seems to be related to the extent to 
which they have been used. Among hospital- 
ized patients, almost all strains which are re 
sistant to streptomycin and tetracyclines are 
also resistant to penicillin, and many penicil 
lin-resistant micrococci are also resistant to 
the other two mycins. Resistance to chlor- 
amphenicol is relatively less frequent than 
to tetracyclines, probably because the former 
drug is less frequently used. Erythromycin 
and carbomycin resistance is more and more 
frequently encountered. Although bacitracin 
and neomycin are very effective against 
micrococei, micrococeal resistance to these 
antibiotics is no longer a rarity. Since these 
mycins are too toxic for parenteral therapy, 
their use in micrococcal infections is limited. 
A most effective mycin against micrococci 
is novobiocin (Streptonivicin), but resist- 
ance has already been developed in labora- 
tory studies. 

To what extent does the problem of muta- 
tion or resistance apply in the other fields 
of microbiology? Streptococcus pyogenes 
(Lancefield A) and Pneumococcus are very 
sensitive to mycins, but no mutation or re- 
sistance has been reported. Streptococcus 
of the viridans group and Streptococcus 
faecalis frequently become resistant. Neis- 
seria gonorrhoeae has a tendency to become 
penicillin-resistant. aeruginosa and Pro- 
teus vulgaris have an inherent tendency to 
antibiotic resistance. Recent studies indicate 
that A, aerogenes is showing increased re- 
sistance to tetracyclines and chloramphenicol. 
On the other hand, Mycobacterium tubercu- 
losis may become streptomycin-resistant or 
dependent. Antibiotic dependence (strepto- 
mycin) has also been reported for Neisseria 
meningitidis, M. pyogenes var. aureus, Pro 
teus morganii, P. aeruginosa, Klebsiella 
pneumoniae, Bacillus subtilis, and Escher- 
ichia_ coli. Dihydrostreptomycin-dependent 
Salmonella typhi possesses immunizing or 
protective properties.*” 

Endamoeba histolytica has been reported 
to acquire resistance to oxytetracycline,'” 
and carbomycin in subinhibitory concentra 
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tions acts as a growth-maintaining factor to 
cultures of ameba.™ 


Material and Methods 


The present studies were undertaken to deter- 
mine the in vitro limit of penicillin resistance of 
M. pyogenes var. aureus and the cross resistance 


of such strains to other antibiotics and anti- 
bacterials. 
Numerous antibiotic-resistant strains of M. 


pyogenes var. aureus were obtained from various 
hospitals in all parts of the United States. The 
minimum inhibitory concentration of penicillin for 
each strain was determined by serially diluting 
penicillin in 0.5 ml. of brain-heart infusion broth 
in sterile Kahn tubes. One-half milliliter of a 
16- to 18-hour-old culture of each strain diluted 
to 10“ in broth was added to each tube. Readings 
were taken after overnight incubation at 37 C. 

L:volution of Resistance—Each strain was cul- 
tured in brain-heart infusion broth containing 
potassium penicillin G. The initial cultures were 
made in broth containing 10%-25% of the mini- 
mum inhibitory concentration of penicillin, The 
cultures were grown in 5 ml. of broth, and the 
concentration of penicillin was expressed in units 
per milliliter. After inoculation, the tubes were 
incubated for 24 hours at 37 C and then kept at 
room temperature for 7 to 10 days. The concen- 
tration of penicillin was gradually increased in 
subsequent subcultures. No definite or standard 
procedure was followed in course of the studies 
in relation to the concentration of the antibiotic, 
because there was a very great variation from 
strain to strain. Whenever the concentration was 
stepped up too rapidly, the culture stopped grow- 
ing, and subcultures had to be made from the 
previous culture containing a lower concentration 
of penicillin. 

Most of the strains were killed in 500 to 1000 
units/ml. of penicillin cultures. Seven strains were 
stepped up to 50,000 units/ml. and have been living 
well in this concentration. Occasionally, in this 
concentration, for some unknown reason, the cul- 
tures became clear, and the organisms were dead. 
Although a few strains showed some growth at 
60,000 units/ml., the ceiling or the upper limit of 
penicillin compatible with life was 50,000 units/ml. 
Five other strains developed a maximum resistance 
of 20,000 units/ml. It took from six 
months to build up this limit of tolerance. 


to nine 


The minimum inhibitory concentrations of the 
experimental and the original stock were deter- 
mined against penicillin, other mycins, and anti- 
bacterials. The inoculum was 10° dilution of the 
culture, but in the case of sulfadiazine 10° dilution 
was used, 
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Drugs Tested.—Venicillin (Squibb, Pfizer); 
tetracycline (Pfizer, Lederle, Upjohn, Bristol, 
Squibb) ; oxytetracyeline (Pfizer); chlorampheni 
col (Parke, Davis & Company); polymyxin 
(Pfizer) ; bacitracin (Pfizer) ; neomycin (Pfizer) ; 
erythromycin (Lilly, Abbott); carbomycin 
(Pfizer); streptomycin (Pfizer);  novobiocin 
(Upjohn, Merck); nitrofuramtoin ( Furadantin, 
Eaton), and sulfadiazine 

Micrococcus Pyogenes var. Aureus Penicillin 
Resistant Strains.—Strains 376, y-1, 24, 36, 864, 
MR, PR, 199, 140, 170, 138, and 536 were used 


Results 


Table 1 shows the minimum concentration 


of various antibiotics and antibacterials 
which inhibited penicillin-resistant (50,000 
units/ml.) M. pyogenes var. aureus and its 
stock culture control. The increases in the 
minimum inhibitory concentrations of these 
substances are tabulated as follows: 


Antibiotic Increase in 


Penicillin 
Streptomycin 


(equal concentrations) 


Tetracycline 0.24y-125y/ml. to 
0.24y-125y/ml. to 
0.19y-6.25y/ml. to 
Neomycin 0.47y-15.6y/ml. to 
Polymyxin 250 units/ml. 


Oxytetracycline 
Chloramphenicol 


Bacitracin 0.9y-15.6y/ml. to 
0.4y-62.5y/ml. to 


Erythromycin and 
carbomycin 


Concentration 


500 units/ml. to 
250y-500y/ml. to 
Penicillin+ streptomycin 15.6y-62.5y/ml. to 
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erythromycin and carbomycin, up to four 
fold; novobiocin and nitrofurantoin showed 
no change of resistance, and resistance to 
sulfadiazine increased from no change to 
two-hundred-fifty-six-fold sensitivity. 

Table 2 shows the minimum concentration 
of various antibiotics and antibacterials 
which inhibited penicillin-resistant (20,000 
units/ml.) M. pyogenes var. aureus and its 
stock control. The changes in cross resist- 
ance at the level of 20,000 units/ml. re- 
sistance were not as dramatic as those at the 
level of 50,000 units/ml. resistance. 


Comment 


Resistance to antibiotics is a natural ten- 
dency among micro-organisms. Two general 
types have been observed. One is evolved 
during the course of the treatment, in which 


Minimum Inhibitory 


500-31,250 units/ml 
500y-1000y/ml 
125y-1000y/ml. 


15.6y-1000y/ml 
1.9y-1L000y/ml 
7.8y-1000y/ml. 
0.95y-15.6y/ml 

to 125-1000 units/ml 
1.9y-7.8y/ml. 
0.4y-250y/ml. 


Novobiocin No change in sensitivity of O4y-7 8y/ml 


Nitrofurantoin 
( Furadantin) 


4.8y-19.5y/ml. to 


3.12y-12.5y/ml1.* 


Sulfadiazine 0.009-2.5 mg/ml. to 2.5 mg/ml 


Resistance to penicillin was increased up 
to 63.5-fold; to streptomycin, twofold; to 
penicillin plus streptomycin, eight- to six 
teenfold ; to tetracycline, eight- to sixty-four- 
fold; to oxytetracycline, eightfold; to 
chloramphenicol four- to one-hundred 
twenty-eight-fold; to neomycin, up to 
twofold; to polymyxin, from increased sen- 
sitivity to two- to fourfold; to bacitracin, 
from increased sensitivity to twofold, and to 

* As different concentrations were used, it can 


be assumed that the findings are close enough to 
consider there was no change in resistance. 


initially the therapeutic agent controls the 
organism, but then becomes ineffective and 
the patient relapses, with rapid progression 
of the disease. This is a natural mutation 
and results from a change in the inherent 
genetic nature of the micro-organism. In 
the second type, mutation or resistance de- 
velops more slowly, usually involves larger 
masses of the population of micro-organ 
isms, and is not restricted to the body of 
one patient. It is characterized by the 
gradual increase in the number of resistant 
strains in a given locale, over a period of 
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months or years, where there has been wide- 
spread and injudicious use of antibiotics. 
When the use of the mycins is curtailed, 
resistant mutants diminish gradually. The 
evolution of resistance results from the 
gradual accumulation of mutants maintained 
in a pool of micro-organisms about a hos- 
pital and not from a new mutation in each 
clinical case. There is the possibility that 
the two types of resistance may be genetically 
different. The rapid mutation is usually the 
result of single-cell mutation, while the slow 
type is the result of multiple progressive 
mutations. Slow resistance can be produced 
in the laboratory in stepwise increments, 
while rapid mutation appears in one sudden 
transformation.!** 
Micrococcal resistance to antibiotics is an 
expected and common finding in clinical 
medicine. The choice of therapeutic agent is 
very important in the management of infec- 
tions, because of the possibility of micro- 
coccal superinfection, even in patients who 
are not suffering from micrococcal infec- 
tions. When patients or persons harboring 
micrococci are given antibiotic therapy, the 
suppression of the normal flora of the in- 
testinal or respiratory tract may result in 
the unopposed overgrowth of antibiotic-re- 
sistant micrococci, and thus give rise to 
micrococcal enterocolitis, extensive invasion 
of the respiratory tract, or even systemic 
invasion. Enterocolitis or choleriform syn- 
drome is the commonest manifestation. Oc- 
casionally, P. aeruginosa, Proteus, and/or 
Candida albicans may also give rise to super- 
infections. Most cases of micrococcal entero- 
colitis follow intestinal surgery. No specific 
causes or factors are known to precipitate 
this syndrome other than micrococci and the 
systemic use of antibiotics or their employ- 
ment locally for bowel “sterilization” in 
abdominal surgery. 

At the Columbia-lresbyterian Medical 
Center, superinfection with M. pyogenes 
var, aureus, resulting in the syndrome of 
enterocolitis, has followed the administration 
of penicillin, streptomycin, tetracycline, oxy- 
tetracycline, erythromycin, and even neomy- 
cin. In one patient, the intramuscular 
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administration of tetracycline following sur- 


gery on the biliary tract was followed by 
enterocolitis.’® 

The cross resistance of the laboratory- 
evolved penicillin-resistant (50,000 units 
ml.) strains of micrococci to the other my 
cins is very interesting, but extremely 
serious. With the exception of novobiocin, 
these strains showed some degree of re- 
sistance to all mycins tested. It is only a 
question of time for resistance to develop 
against novobiocin. It is reassuring to ob- 
serve that no resistance was manifested 
against chemical antibacterials, such as nitro- 
furantoin (Furadantin) sulfadiazine. 
This may fit in with Darwin's theory of 
evolution. The mycins are natural products 
of fungi or micro-organisms, and are pos- 
sibly produced to keep a balance of equilib- 
rium in nature by destroying excesses of 
organisms or decaying material. As time 
passes, a few of the victims of this de- 
structive process become resistant or undergo 
mutation to preserve their own species. 

The antibacterials, on the other hand, are 
probably not found in nature and apparently 
do not play a role in natural processes, They 
are made synthetically by the chemist in his 
laboratory. 

The future of antimicrobial therapy may 
well rest with antibacterial chemicals more 
than with antibiotics. The history of the 
mycins reveals four important contributions, 
namely, penicillin (1929), streptomycin 
(1945), chloramphenicol (Chloromycetin ) 
(1947), and chlortetracycline (1948), Oxy 
tetracycline (1950) and tetracycline (1953) 
should not be considered new mycins, The 
remaining mycins are either too toxic for 
parenteral use and cannot be absorbed from 
the intestinal tract, or have a very narrow 
spectrum, The extensive screening projects 

in America, Europe, and Japan in the last 
15 years have yielded only four major anti- 
biotics. Millions of species or strains of 
micro-organisms have been screened. There 
is a limit to the number of micro-organisms 
which may be prospective producers of use 
ful mycins. At some future date the supply 
of such organisms will be exhausted. In the 
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case of synthetic antibacterials, there is no 
limit, because the chemists have endless 
opportunities to synthesize new drugs, such 
as sulfonamides, the nitrofurans, amino- 
salicylic acid, isonicotinic acid, ete. 


Summary 

Seven strains of Micrococcus pyogenes 
var, aureus were observed to become -e- 
sistant to 50,000 units/ml. of penicillin, and 
five strains to 20,000 units/ml., when grown 
in the presence of the antibiotic. 

Cross resistance characteristic of the 
seven penicillin-resistant strains was as fol- 
lows: 

Resistance to penicillin was increased up 
to 63.5-fold; to streptomycin, twofold; to 
penicillin plus streptomycin combined, eight- 
to sixteenfold; to tetracycline, eight- to 
sixty-four-fold; to oxytetracycline, eight- 
fold; to chloramphenicol, four- to one- 
hundred-twenty-eight-fold ; to neomycin, up 
to twofold ; to polymyxin, two- to fourfold ; 
to bacitracin, up to twofold, and to erythro- 
mycin up to fourfold; novobiocin and 
nitrofurantoin showed no change, and sulfa- 
diazine resistance varied from no change to 
increased sensitivity. 

These findings suggest the possibility that 
antibacterial chemicals may eventually sup- 
plant penicillin and the antibiotic “mycin” 
drugs, at least in the treatment of micro- 
coccal infections. 

Presbyterian Hospital, 622 West 168th St. (22). 
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Experimental Pulmonary Embolism in Dogs 


A Study of the Physiologic and Anatomic Changes Following Repeated 


Injections of Autogenous Clots 


There has been a recent revival of interest 
in pulmonary embolism. Most investigators 
agree that death from massive pulmonary 
embolism is produced by mechanical ob- 
struction. However, the method of death 
following showers of small pulmonary em- 
boli has not been conclusively answered. 
One school of investigators believes that 
death is produced by mechanical means * 
while another group feels that death is the 
result of a reflex mechanism.?* 

There is also the question of the role of 
small emboli in the production of pulmonary 
arteriosclerosis. It has recently been sug- 
gested by many authors ** that organization 
of small emboli produces pulmonary hyper- 
tension, cor pulmonale, and vascular scle- 
rosis. Likewise, pulmonary atherosclerosis 
has been suggested to result from pulmo- 
nary embolism.® 

The experimental approach to answer 
these questions has been attempted. In most 
instances, material foreign to the test ani- 
mal has been used. Barium sulfate,*" lead 
phosphate agar,’ Lucite (solid methyl 
methacrylate) spheres,"' starch granules,’* 
glass beads,’ amniotic fluid,* filter paper,” 
and cotton fibers '*"* have been used for 
this purpose. Relatively few studies using 
blood or its derivatives have been done. 
Even here, human blood '*"* or blood from 
another member of the same species ™ has 
been used. There are a few instances where 
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autogenous blood clots*'* or autogenous 
fibrin * have been used in experimental pul- 
monary embolism. 

We thought it desirable to study from the 
physiologic and anatomic viewpoint the ef- 
fect of repeated injections of autogenous 
clots, 


Material and Methods 


Twenty mongrel dogs were used in these experi- 
ments. The animals weighed between 6.3 and 
12.4 kg. at the start of the experiment. There was 
a preponderance of male animals. The dogs were 
fed a routine diet and were caged separately in 
an air-conditioned room. 

The dogs were divided into two groups. One 
group, consisting of 12 dogs, received only autog- 
enous blood clots, while the other group had a 
high azygos vein ligation prior to the injection 
of autogenous clots. 

The dogs were anesthetized with pentobarbital 
(Nembutal), 30 mg. per kilogram, and an endo- 
tracheal tube was inserted. Blood was withdrawn 
from a neck or leg vein and allowed to clot in a 
sterile Petri dish, aided by gentle agitation with 
a glass stirring rod. The resulting clot was then 
broken up into small fragments by multiple cross 
sections with a scalpel blade. The fragments were 
of a size that were able to pass through a No, 19 
gauge needle. The amount of red clot injected on 
each occasion was determined by trial and error 
to represent one-half the body weight in kilograms 
in milliliters, Thus, a 10 kg. dog received 5 mil. at 
each injection. The clot was injected into a neck 
or leg vein at weekly intervals for ten weeks. 

Electrocardiograms were taken on each dog 
before, during, and immediately after each injec- 
tion of autogenous clot. 

Right-sided cardiac catheterization was per- 
formed on five dogs during various stages of the 
experiment. In one animal, cardiac output and 
systemic pressures were determined before and 
after the initial injection of autogenous clot. The 
Table depicts the methodology and the physiologic 
findings. 
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Pertinent Data Relevant to Methodology and Ff 
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"hystologic Aspects 


Initial Arygos Weekly Total Mean Pul. Artery Pressure, Mm. Hg. 
Dog Weight, Vein Injections, Amount - — 
Kg. Ligation Total No. of 
ist Wk. Sth Wk. 10th Wk. 
Delivered, Pre- Post- Pre- "ost- Pre- Post- 
Mi. injection injection injection injection injection injection 
2c 10.2 No 2 21 55 
a No 10 53 5 23 
4c 64 No 10 47 24 35 4 » 
5c 73 No 10 a7 on se 
6c 7.1 No s ow 
7C 64 No a5 
14.4 No 6 
10C 0.8 No 10 53 
mec 12.7 No 22 
120 74 No 
ac No 10 
Mec 12.4 Yes 10 oo oo 21 as 25 
Yes 10 61 pa} px} 25 
a4 Yes 4 
8.3 Yes 10 
Yes 7 w 
79 Yes 10 52 
74 Yes 7 $4 
10.7 


The animals either died during the course of 
the experiment or were killed at the termination 
of the study by an overdose of pentobarbital. An 
autopsy was performed, and microscopic sections 
of heart, lungs, spleen, liver, adrenals, pancreas, 
and kidneys were prepared. The lungs were ex- 
panded at the time of autopsy by injecting 10% 
neutral formalin into the bronchial trees and im 
mersing the lungs in a similar solution 

The tissues were fixed in 10% neutral formalin 
and stained routinely with Bullard’s hematoxylin 
and eosin. The lung sections were also stained 
with Weigert's elastic-tissue stain and counter- 
stained with Van Gieson’s picrofuchsin method. A 
section of lung from each animal was stained for 
fat by the Sudan IV method. A few sections of 
lung were stained with the periodic acid Schiff, 
Hale's dialyzed iron, and toluidine O stains. At 
least 10 sections of lung tissue were prepared from 
each dog 


Results 


The dogs displayed apnea and brady- 
cardia after injection of autogenous clots. 
Kight animals died during the experiment 
as a result of an increasingly severe degree 
of heart block and persistent apnea. The 
apnea could not be reversed by positive- 
pressure respirations, In one dog the apnea 
and bradycardia were reversed by the intra- 
venous injection of atropine sulfate. After 
the initial apnea and bradycardia the dogs 
became hyperpneic for three to four min- 
utes and then returned to a normal respira- 
tory and heart rate. Except for the 
bradycardia and occasional heart block, no 
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changes in the electrocardiograms were 
noted. There was no electrocardiographic 
evidence of right ventricular hypertrophy. 

The findings at cardiac catheterization are 
tabulated in the Table. The changes in pul- 
monary hemodynamics appeared to be more 
marked following the initial injection. How- 
ever, a comparatively larger dose of autog- 
enous clot was injected in this instance. 
There was found to be a rapid initial rise 
in pulmonary artery pressure and a smaller 
rise in pulmonary wedge pressure. At the 
end of an hour the pressures fell gradually 
to just above preinjection levels. There was 
an increase in pulmonary arterial and ar- 
teriolar resistances and a slight fall in 
femoral artery pressure. The cardiac output 
fell slightly. There would appear to be 
less change with subsequent injections of 
autogenous clots. No appreciable difference 
was noted between the dogs with and with- 
out azygos vein ligation. 

At necropsy there was generally dilata- 
tion of the right atrium and ventricle. No 
increase in heart weight or right ventricular 
hypertrophy was noted. The lungs appeared 
congested, and small hemorrhagic infarcts 
were noted in the diaphragmatic lobes of 
two dogs. Heart-worm ( Dirofilaria immit- 
is) infestation was present in 10 dogs. No 
other gross changes were noted. 
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Microscopic examination of the lungs re- 
vealed acute congestion and focal edema. 
The pulmonary arteries and arterioles 
showed no evidence of medial hypertrophy. 
However, numerous changes were noted in 
the intima. A common change was the 
hyperplasia of endothelial cells, which fre- 
quently projected at right angles into the 
lumens. This was frequently associated with 
a widening of the intima and the presence 
of a finely basophilic matrix showing vacuo- 
lation (Fig. 1). This process frequently 
involved the interstices of the media. This 
basophilic matrix demonstrated metachro- 
masia with toluidine blue O. It should be 
emphasized that this process occurred inde- 
pendently of autogenous clots in many in- 
stances. 

The autogenous clots became adherent to 
the arterial walls and were soon enveloped 
by endothelial cells. Frequently the clot was 


Fig. 2.—Pulmonary ar- 
tery. Proliferation of 
delicate elastic fibers in a 
thickened intima which 
displayed metachromasia 
Weigert’s elastic-tissue 
stain; reduced 30% from 
mag. 625. 
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Fig. 1.—Pulmonary ar- 
tery. Intimal thickening 
with delicate matrix and 
fibroblastic ingrowth. The 
internal elastic lamina is 
disrupted. This section is 
not in the vicinity of an 
autogenous clot. Hema- 
toxylin and eosin; re- 
duced approximately 
from mag. 625. 


broken up into segments which became en- 
dothelialized, producing the appearance of 
loculation of the original arterial channel. 
Metachromasia and vacuolation occurred at 
the site and adjacent to the clot. A prolif 
eration of delicate elastic fibrils occurred in 
the metachromatic matrix (Fig. 2). The 
internal elastic lamina became thinned and 
frequently became duplicated. It was occa- 
sionally completely disrupted at the site of 
the clot adherence. Later there was a pro- 
liferation of fibroblasts, deposition of col- 
lagen, and contraction of the clot (Fig. 4). 
The organization was represented early by 
elastic and collagen fibers; but later there 
was an almost complete absence of elastic 
fibers, and eventually an eccentric collagen 
scar remained. Occasionally smooth-muscle 
cells appeared to invade the intima at the 
site of organization (lig. 3). 
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tight dogs revealed an acute arteritis and 
arteriolitis. This consisted of a diffuse in- 
filtration of polymorphonuclear leukocytes 
early and was followed by lymphocytes, 
large mononuclear leukocytes, and _histio- 
cytes in the intima, in the media, and peri- 
vascularly, The internal elastic lamina was 
disrupted, and occasionally there was rup- 
ture of the arterial wall (Fig. 5). No 
“fibrinoid necrosis’’ was noted. The necro- 
tizing lesions were seen in dogs with and 
without heart-worm infestation. 
Occasionally, cotton fibers and dog hairs 
contaminated the Petri dishes and were 
inadvertently administered to the dogs with 
the autogenous clots. These elicited a cellu- 
lar reaction with foreign-body giant cells 


Fig. 4.—Pulmonary ar- 
tery. Organizing clot 
surrounded by endothelial 
cells and demonstrating 
fibroblastic invasion and 
areas of collagenization. 
Hematoxylin and eosin; 
reduced approximately 
from mag. XX 625. 
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Fig. 3.—Pulmonary ar- 
tery. Discontinuity of in- 
ternal elastic lamina and 
apparent ingrowth of 
smooth muscle fibers into 
intima. Hematoxylin and 
eosin; reduced % from 
mag. 625. 


similar to that observed by others (Fig. 

No stainable fat was seen in any of the 
pulmonary vessels. No changes in the other 
organs could be attributed to the injection 
of autogenous clots. 


Comment 


These studies did not conclusively answer 
the mechanism by which pulmonary hyper- 
tension is produced, but we feel that our 
evidence is in favor of a reflex action. The 
marked degree of pulmonary hypertension 
following a small injection of autogenous 
clot would support this thesis. Likewise, 
the bradycardia, apnea, and effect of atro- 
pine sulfate would suggest a reflex with 
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the efferent fibers in the vagus nerve, Other 
studies, with use of showers of minute 
emboli, would support this belief.** How- 
ever, other investigators, who occluded a 
major branch of the pulmonary artery and 
injected emboli distal to the obstruction, 
could elicit no generalized effect in the 
lung.’ We feel that any mechanism that 
compresses the afferent fibers of the reflex 


Fig. 6.—Pulmonary ar- 
tery. Reaction in intima 
to dog hair inadvertently 
injected with autogenous 
clot. Weigert’s elastic 
tissue stain; reduced 40% 
from mag. X 625. 
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Fig. 5.—Small pulmon- 
ary artery. Necrosis of 
wall with disruption of 
elastic tissue and acute 
and chronic inflammatory 
infiltration not related to 
embolus. Weigert’s elas- 
tic-tissue stain; reduced 


30% from mag. X 625. 


arc, which are closely associated with the 
branches of the pulmonary arteries, would 
cancel out any reflex action. Studies with 
the heart-lung preparation and the intact 
head in which emboli of barium sulfate were 
used, substantiate a reflex nature of the 
cardiopulmonary changes.* 

The failure of our dogs to develop evi- 
dence of cor pulmonale or right ventricular 
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hypertrophy is probably attributed to the 
short duration of the experiment. Past 
experience with pulmonary hypertension 
produced by an experimental supravalvular 
mitral stenosis revealed that a much longer 
period of time is necessary for cardiomegaly 
and right ventricular hypertrophy to de- 
velop.’” Likewise, no physiologic evidence 
of shunting of blood into the bronchial 
venous system was observed in this experi- 
ment, 


The histologic findings in our animals 
were generally in agreement with other 
studies.°* The differences that did exist can 
possibly be attributed to species differences. 
It is felt that the subtle differences described 
in different studies may be due to the nature 
of the material injected. We were im 
pressed with the finding of basophilia of the 
intima, metachromasia of the intima, and, 
to a smaller degree, of the media at a dis- 
tance from any clot. We feel that this rep- 
resents a change due to the pulmonary 
hypertension. Similar changes are noted in 
the kidneys in essential hypertension. 

The pathogenesis of the necrotizing ar 
teritis and arteriolitis is more difficult to 
explain. It would seem that four possible 
mechanisms must be considered. The oc- 
currence of adult and larval forms of D. 
immitis in 50% of our animals must be 
considered as a factor. However, in study- 
ing microscopic sections of lungs in control 
dogs, no examples of necrotizing vasculitis 
were noted. Likewise, necrotizing lesions 
were found in dogs in this experiment with 
no evidence of infestation with heart worms. 

The presence of cotton fibers and dog 
hairs should deserve more serious attention. 
Other investigators ' have shown a nec- 
rotizing arteritis and foreign-body reaction 
after cotton fiber embolization. An occa- 
sional instance of this type of lesion was 
observed in this experiment. In this situa- 
tion the cotton fibers were easily identified 

by polarization. We feel that the failure 
to find polarizable material in the majority 
of lesions would mitigate against cotton 
fibers or dog hairs as the chief mechanism. 
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The third factor to be considered is in- 
fection and hypersensitivity. Although no 
bacteriologic studies were performed, pre- 
cautions were used in preparing and inject- 
ing the autogenous clots. It is also generally 
well known that the dog is relatively resis- 
tant to infections. 

Hypersensitivity cannot be dismissed so 
easily. However, autogenous clots were 
used. The failure to demonstrate “fibrinoid 
necrosis” would likewise make one think 
less seriously of hypersensitivity as the 
major cause. 

The last mechanism to consider is the 
pulmonary hypertension itself. The occur- 
rence of systemic arteriolonecrosis in 
malignant hypertension is well known. 
Likewise, cases of necrotizing arteriolitis 
involving the lesser circulation have been 
described.” The necrotizing arteritis in pa- 
tients with advanced mitral stenosis is now 
considered to be a manifestation of pulmo- 
nary hypertension rather than the direct 
effect of rheumatic pulmonary artery dis- 
' It would seem that the repeated 
rapid rises in pulmonary artery pressure 
in the dogs in this experiment could pro- 
duce a necrotizing arteritis. The ischemia 
associated with the lodgement of emboli, 
especially distally, must also be considered. 
We feel that this last process is the most 
logical explanation of the necrotizing le- 
sions, although a summation effect cannot 
be neglected in causation. 


ease.” 


The absence of fat in the intimal lesions 
agrees with most studies. These animals 
were not fed a diet containing an excess 
of fat. The lesions were those of a vascular 
sclerosis rather than an atherosclerosis. No 
emboli were seen in any other organ. 


Summary 


Autogenous clots were injected into 20 
dogs at weekly intervals for a period of 10 
weeks. Eight animals had a previous azygos 
vein ligation. Cardiac catheterization was 
performed on five dogs during the course of 
the experiment. A rise in pulmonary artery 
and wedge pressure was noted. No differ- 
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ences in the physiologic studies could be 
found between the dogs with and without 
azygos vein ligation. Anatomic changes in 
the pulmonary vasculature are described. 
There was an absence of stainable fat in 
the intimal lesions. The presence of necro- 
tizing lesions is described. It was considered 
that the pathogenesis of the necrotizing 
arteritis was related to the sudden and re- 
peated rise in pulmonary artery pressure. 
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Introduction 


first described by 
Wilks,’ 100 years ago. Neither the etiology 
of this condition nor the exact chemistry of 
amyloid itself is as yet clearly understood. 
Protein fractions with a_ sulfate-carrying 
polysaccharide have been identified, but the 
original belief that chondroitin sulfuric acid 
was a constituent has not been constantly 
substantiated?" 


Amyloidosis was 


There has been no general agreement on 
the classification of amyloid diseases, and 
one that is acceptable is difficult to establish 
because of the variability of the organs 
involved and the inconstancy of preexisting 
or concomitant diseases. So many terms, 
such as primary, secondary, typical, atypical, 


local, systemic, tumor-forming, and 
para-amyloidosis, have been helpful but 
confusing. The simple clinicopathologic 


classification of amyloid diseases proposed 
by Reimann, Koucky, and Eklund® is the 
one most widely used in the American lit- 
erature, They classify amyloid disease in 
the following way: (1) primary, (2) sec- 
ondary, (3) localized tumor-forming, and 
(4) amyloidosis associated with multiple 
myeloma, The purpose of this paper is to 
present seven unusual cases of amyloid dis- 
ease involving principally the heart. They 
are in some respects similar to the cases 
reported and discussed by King." 


Report of Cases 


Case 1.—A 90-year-old white man was admitted 
to the hospital after an episode of acute urinary 
retention which required an indwelling Foley 


catheter. On admission the patient was confused 
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and dehydrated. A cystogram revealed the presence 
of a large bladder diverticulum. The rectal ex- 
amination showed second-degree enlargement of 
the prostate, which was suspected to be malignant. 
On the 23d day of hospitalization, when the general 
condition of the patient had somewhat improved, a 
transurethral resection of the prostate was per- 
formed. Diffuse anaplastic adenocarcinoma was 
disclosed. In spite of persistent medical postopera- 
tive care the patient went downhill, and he died 
on the eighth postoperative day. 

The autopsy revealed marked generalized 
atherosclerosis, especially of the coronary 
arteries and aorta, and nephrosclerosis of 
both kidneys. The heart weighed 450 gm. 
and showed patchy areas of myocardial 
fibrosis, with slight hypertrophy of the left 
ventricular wall. There was an anaplastic 
adenocarcinoma of the prostate, infiltrating 
the seminal vesicles and. the . surrounding 
soft tissue. The urinary bladder showed a 
large diverticulum. Widespread broncho- 
pneumonia was a terminal complication, and 
of particular interest was the presence of 
small foci of amyloid within the myocar- 
dium. None was found in any other organ. 

Case 2.—A 79-year-old white man was admitted 
to the hospital in complete coma which occurred 
suddenly. The past history was incomplete except 
that he was said to have been hypertensive for 
several years. On admission the patient showed 
stiffness of the neck but no signs of neurological 
localization. Babinski and clonus were negative. 
The liver and spleen were not palpable. Some 
scattered rales were present over the lung fields 
On admission, his blood pressure was 196/100; his 
pulse, 120, and his respirations, 30. A lumbar 
puncture revealed blood-stained spinal fluid with an 
initial pressure of 250 mm. of HO. After admis- 
sion the blood pressure gradually became lower and 
respirations became the Cheyne-Stokes type. He 
died 12 hours after admission. 

The autopsy revealed an extensive recent 
subarachnoid, intracerebellar, and pontine 
hemorrhage, with marked generalized ath- 
erosclerosis and arteriolar sclerosis. The 
heart was markedly enlarged and weighed 
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640 gm. The myocardium was hypertrophic 
and showed diffuse infiltration of amyloid 
between the muscle fibers. When seen in 
cross section, many myocardiai fibers were 
encased in an amyloid ring, producing a 
honeycomb appearance. Where amyloid 


was most abundant the enclosed myocardial 
fibers were atrophic and had frequently 


vanished. Few veins and many small ar- 
teries within the heart showed amyloid in 
their walls, but no amyloid was seen in the 
major coronary arteries, endocardium, or 
valvular leaflets. The lungs showed minimal 
amyloid infiltration in small and medium- 


Fig. 2 (Case 6).— 
Patchy amyloidosis, with 
replacement of heart 
muscle, as in Figure 1, 
but with more widespread 
distribution. Hematoxylin 
and eosin; < 120. 
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Fig. 1 (Case 1).— 
Patchy amyloidosis, with 
replacement of heart 
muscle, Hematoxylin and 
eosin; 120. 


sized arteries and alveolar septa. There 
were marked pulmonary congestion, focal 
hemorrhages, and edema with acute broncho- 
pneumonia, Several small pericapsular ar- 
teries of the adrenals showed infiltration 
of amyloid. The kidneys and spleen showed 
hyalinized arteries and arterioles, but no 
amyloid was seen. 

Case 3.—A 72-year-old white woman was ad- 
mitted to the hospital because of dyspnea and chest 
pain of some days’ duration. This was aggravated 
for the last couple of hours. She had a history of 
cardiac failure of several years, On admission this 
emaciated elderly white woman was in shock. The 
blood pressure was not obtainable, and the pulse 
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was not palpable. ECG showed evidence of myo 
cardial infarction. In spite of extensive supportive 
therapy, the patient died on the second day of hos- 
pitalization 

The autopsy revealed a moderately en- 
larged heart, weighing 500 gm. The left 
ventricular wall was 1.5 cm. thick, and the 
cut surfaces were grossly not remarkable. 
Microscopically there was a diffuse thicken- 
ing of the interstitial tissue, which was 
infiltrated by amyloid with atrophy of the 
muscle fibers. In rather broad areas muscle 
had been completely replaced by amyloid 
material. The process was most pronounced 
in the inner half of the myocardium, in 


Fig. 4 (Case 3) 

Diffuse amyloid infiltra 
tion of myocardium, with 
“honeycomb” appearance 
Note vascular involve 
ment at lower left. Hema- 
toxylin and eosin; & 280 
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Fig. 3 (Case 2).— 
Diffuse amyloid infiltra- 
tion of myocardium. 
Hematoxylin and eosin; 
x 280. 


cluding the papillary muscles and endocar- 
dium. The small and medium-sized arteries 
of the heart showed marked thickening of 
the walls, with extensive amyloid deposition. 
The larger coronary arteries were markedly 
atherosclerotic but free of amyloid. The 
lungs showed few small vessels containing 
amyloid. There was a fair degree of pul- 
monary congestion and edema, with mild 
stromal fibrosis of the alveolar walls. Few 
small arteries of the intestinal submucosa 
and the lamina propria of the urinary blad- 
der showed a mild degree of amyloid depo- 
sition. The small portal branches of the 
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hepatic artery also showed a small amount 
of amyloid. Other findings were marked 
generalized atherosclerosis, arterial and ar- 
teriolar nephrosclerosis, and a small focus 
of encephalomalacia. 

Cast 4—A 77-year-old white man was trans- 
ferred from another hospital because of arterio- 
gangrenous changes both lower 
About 10 years ago he had suffered 
accident followed by a right 
His blood pressure was 


sclerotic of 
extremities. 
a cerebrovascular 
hemiplegia and aphasia 
150/70. About one week after admission an amputa- 
tion of the left lower leg was done, and the wound 
healed by primary However, in the 
postoperative period the patient developed gangrene 
of the right lower extremity, and 10 days from 


intention 


the first operation a right midthigh amputation 
was performed. About three weeks after the 
second operation, while the patient was under 


postoperative surgical care, he suddenly developed 
shortness of breath, hypotension, and “cramps” in 
the left upper extremity. He died a few minutes 
after this episode 

At autopsy the heart weighed 310 gm., 
and there was seen an area of old subendo- 
infarction the interventricular 
There were several minute foci of 


cardial in 
septum. 
amyloid deposition in the interstitial tissue 
of the myocardium and papillary muscles. 
The coronary arteries showed marked ath- 


erosclerosis, but no amyloid was seen. Sev- 


eral small arteries of the spleen and 
periadrenal tissue showed deposition of 
amyloid. A large area of old encephalo- 


malacia of the left temporal and _ parietal 
lobes was present. The kidneys showed only 
moderate arterial and arteriolar nephro- 
sclerosis. 

Cast 5.—An 86-year-old white woman had been 
suffering from abdominal pain and rectal bleeding 
for several months prior to admission. She became 
worse about two weeks prior to admission, with 
restlessness and dyspnea. Blood pressure was very 
low and almost unobtainable. Crepitations were 
heard throughout both lung fields, and there was a 
blowing systolic murmur over the precordium. The 
abdomen was diffusely tender, with an enlarged 
liver. A round firm mass was felt in the right 
quadrant. The clinical course was rapidly downhill, 
and she died the day following admission 

Autopsy revealed carcinoma of the breast, 
with metastases to the lungs, liver, spleen, 
intestinal wall, kidneys, uterus, ovaries, thy- 


roid, skeletal muscle, and bone marrow. The 
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heart weighed 300 gm., and there was no 
evidence of hypertrophy. The myocardium 
showed areas of interstitial fibrosis, with 
many small foci of amyloid infiltration in 
the interstitial tissue. Amyloid infiltration 
was more pronounced in the subendocar- 
dium and inner third of the myocardium, 
with atrophy of muscle fibers. The major 
arteries showed marked athero 
sclerosis, with focal calcification but no 
amyloid. The lungs showed marked edema, 
and bronchopneumonia, and there were scat- 
tered small foci of amyloid in the alveolar 
septa and in occasional blood vessels. No 
other organs showed amyloid. There were 
bilateral urethral obstruction with hydro- 
nephrosis, ascites, hydrothorax, cholelithia- 
sis, and extramedullary hematopoiesis in 
the liver and spleen. 

Cast 6.—An 88-year-old white woman was ad- 
mitted to the hospital because of cyanosis and 


dyspnea of unknown duration. She was apparently 
The heart sounds 


coronary 


unconscious and unable to talk. 
were muffled, but the apical pulse was regular at 
the rate of 120 per minute. Blood pressure was 
125/75. Crepitant rales were heard over both 
pulmonary fields. The liver was palpable. Both 
legs showed Grade II pitting edema. Chest roent- 
genograms showed left-sided cardiac enlargement 
and pulmonary edema and congestion. An electro- 
cardiogram revealed auricular fibrillation, with 
ventricular extrasystoles but no evidence of myo- 
cardial infarction. The WBC was 19,450, and on 
the next day, 22,800, with 87% segmented neutro- 
phils. She was given oxygen, digitoxin meralluride 
(Mercuhydrin), and Combiotic (penicillin and 
dihydrostreptomycin), but she died on the third 
day of hospitalization. 

Autopsy revealed a large area of recent 
infarction of the right lung with multiple 
pulmonary emboli which originated from 
the right auricular appendage of the heart. 
marked acute bronchopneumonia was also 
present. The heart weighed 300 gm., and 
the left ventricular wall was moderately 
hypertrophic. The myocardium showed 
many small foci of amyloid deposit, in 
which the heart muscles had vanished or 
remained as small fragments. foci 
were distributed throughout the entire myo- 
The coronary arteries showed a 


These 


cardium. 
small amount of amyloid deposition. The 
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small arteries of the spleen and minute foci 
of alveolar septa in the lungs also contained 
a small amount of amyloid, Other findings 
were moderate generalized atherosclerosis, 
two small chronic gastric ulcers, empyema 
of the gallbladder, with cholelithiasis and 
fibrous obstruction of the cystic duct, and 
a chronic ulcer of the left leg. 

Cast 7.—A 94-year-old white man was admitted 
to the hospital because of epigastric pain related 
to meals with abdominal distention and discomfort 
About 10 months prior to admission he was known 
to have had a duodenal ulcer, for which he was 
treated with a controlled diet. He was anemic and 
somewhat confused. His blood pressure was 130/70, 
and the pulse was 80. The abdomen showed moder- 
ate distention, with marked tenderness. The liver 
was enlarged and hard. About 10 days after ad- 
mission a gastrojejunostomy was done, and he 
temporarily improved. At operation a large 
penetrating chronic duodenal ulcer was seen. 
Several days later he started to have high fever 


and went downhill rapidly and died about one week 
after this episode. 


Autopsy showed a torsion of the afferent 
loop of the gastrojejunostomy, with marked 
dilatation of the stomach and proximal 
portion of the jejunum. There was a gen- 
eralized, organizing, acute, fibrinous perito- 
nitis. The heart was moderately enlarged to 
the left, and it weighed 500 gm. The myo- 
cardium showed scattered foci of amyloid 
deposition in the interstitial tissue, with 
atrophy of the muscle fibers, Small arteries 
and arterioles were also infiltrated by amy- 
loid. However, the major coronary arteries, 
though sclerosed, did not show amyloid. In 
the lungs there were a few minute foci of 
amyloid deposit in the alveolar septa, and 
a few small periadrenal arteries also showed 
amyloid, Other findings were marked bi- 
lateral acute bronchopneumonia, marked 
generalized atherosclerosis, mild early portal 
cirrhosis, and moderate arterial and arteri- 
olar nephrosclerosis. 


Comment 


The group of patients reported here 
showed several characteristic features which 
should be pointed out and emphasized. 

(a) Amyloid was mainly localized in the 
myocardium, with little or no deposit else- 
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where. Besides the heart, a few small foci 

of amyloid were seen in alveolar septa and 

small blood vessels of the lungs in Cases 2, 

3, 5, 6, and 7. In Cases 4 and 6 there was 
a small amount of amyloid in the small 
arteries of the spleen. In Case 3 some 
amount of amyloid was noted in the small 
arteries of the liver and the submucosal 
layers of the intestine and urinary bladder. 

(b) The total amount of amyloid in the 

heart was relatively small compared with 
that in cases described in the literature, 
even though there was microscopically a 
significant amount of amyloid in the heart. 
It was not recognized grossly in any of the 
cases. The weight of the hearts in six 
cases ranged from 300 to 500 gm. There 
was only one heart (Case 2) weighing 640 
gm. This patient had a long history of 
hypertension, and he died because of spon- 
taneous intracerebellar and pontine hemor- 
rhages. liven though we considered that 
the enlargement of this heart was due to 
hypertension, it was interesting to see that 
this heart showed more amyloid than any 
of the other six patients. 

There were two different microscopic 
patterns. One type was that with many 
small patchy masses of amyloid situated in 
the interstitial tissue and muscle fibers 
singly and in groups. This was seen in 
Cases 1, 6, and 7. The other type was that 
showing multiple small and large areas 
which revealed diffuse infiltration of amy- 
loid in the interstitial tissue, with varying 
degrees of atrophy of the encased muscle 
fibers. The lesions were sometimes “honey- 
combed” in appearance. This was seen in 
Cases 2, 3, 4, and 5. With the hematoxylin 
and eosin stain the amyloid was a homo- 
geneous, amorphous, and pale-pink hyaline 
material. This hyaline substance at first 
glance and under cursory examination might 
have suggested fibrosis, but careful exam- 
ination showed the absence of a fine fibril- 
lary texture characteristic of collagen. The 
Van Gieson stain helped in the differentia- 
tion because the amyloid stained yellow or 
rusty-yellow, whereas hyaline or collage- 
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nous connective tissue stained brilliant red. 
In all cases the Congo-red stain showed 
very weak reaction or unsatisfactory results, 
but the methylrosaniline chloride (methyl 
violet, crystal violet) stain showed a very 
strong metachromatic reaction, All the ma- 
terial was fixed in 10% formaldehyde solu- 
tion, There was no evidence of amyloid in 
any of the major coronary arteries, but in 
Cases 2, 3, 6, and 7 amyloid was found in the 
walls of arterioles of the myocardium, 
sometimes markedly decreasing their lu- 
mina, 

In Case 2, veins of the myocardium con- 
tained amyloid in their walls. 

In none of the cases was there any in- 
volvement of the epicardium, valves, or 
endocardium, except in Case 3, which re- 
vealed small focal infiltration in the endocar- 
dium. In all cases there was a moderate 
to marked degree of generalized atheroscle- 
rosis, also involving the major branches of 
the coronary arteries. Cases 1 and 4 showed 
areas of healed myocardial infarction, with 
a fair degree of interstitial fibrosis. Cases 
2, 3, and 5 also showed moderate to marked 
degrees of interstitial fibrosis. Amyloid was 
occasionally observed as small plaques within 
the fibrosed zones. 

(c) The age of all patients Was advanced. 
The age of the seven patients ranged be- 
tween 72 and 94 years. The five patients 
presented by King were between 83 and 93 
years old. In 1946, Ranstrom™ had re- 
ported a group of similar cases, and they 
were 80, 81, and 88 years old. In age, 
therefore, all cases, including these reported 
here, ranged from 72 to 94 years, with an 
average of 85 years. Compared to this, the 
tabulation of 55 cases of primary systemic 
amyloidosis by Dahlin,’* in 1949, showed the 
average age to be 55 years, the oldest pa- 
tient being 80 and the youngest, 15 years 
old. Higgins and Higgins’ analysis and 
Kisen’s ' tabulation of “primary amyloido- 
sis” from the literature showed the average 
age to be in the sixth decade, ranging from 
24 to 90 years. In this series of autopsies, 
85 patients were over 70 years old; thus 
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12% of the patients over 70 years of age 
had this type of amyloidosis. In King’s 
series there were 21% for the age group of 
80 years or over. Thus it may be assumed 
that amyloid in the heart of advanced age 
is far more prevalent than has been gener- 
ally suspected. It also appears to occur 
more frequently than what is often referred 
to as “primary amyloidosis.” 
(d) None of the cases appear to belong 
to the so-called “secondary amyloidosis.” 
Objections to the terms “primary and sec- 
ondary amyloidosis” have been ably ex- 
pressed by Lindsay '® and by King.” The 
statistical correlation with tuberculosis, 
leprosy, or other few known diseases, how- 
ever, is too high to be totally ignored, and 
one must assume that tuberculosis and a few 
diseases of long standing, especially those 
associated with chronic inflammation or de- 
generation, may lead to amyloidosis (typical 
amyloidosis). Among the seven cases re- 
ported here there were three suffering from 
chronic inflammatory conditions with sup- 
puration. Case 1 showed carcinoma of 
prostate; Case 5 showed a chronic duodenal 
ulcer. These diseases are seen frequently; 
yet, amyloidosis is only rarely reported in 
association with them, Thus it would seem 
to be unjustified to consider these diseases 
as proximal causes of amyloidosis, and, 
consequently, amyloidosis would not be 
“secondary” to them, May one then con- 
sider these cases as representing “primary 
amyloidosis?” Hardly, since all cases had 
some form of long-standing disease, some 
of which (the infections) have often been 
incriminated as being causative in the de- 
velopment of amyloidosis. Thus it would 
appear best to add them to the series of 
King and consider them as “atypical amy- 
loidosis,” a condition which is quite fre- 
quent in old age. 

With regard to an evaluation of amyloid 
in the heart as a cause of death, all cases 
showed insufficient evidence to consider this, 
and other pathologic conditions were ade- 
quate to explain death, except for Case 3, 
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in which the amyloid was massive enough to 
be contributory to the patient’s death. 


Summary 


Seven cases of cardiac amyloidosis with- 
out involvement of other organs are re- 
ported. The condition appears to be more 
frequent in advanced age than is generally 
accepted, Amyloid in the heart under such 
circumstances is usually small in amount 
and may not produce clinical symptomatol- 
ogy, nor does it necessarily contribute to 
the patient's death. 
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Experimental Xanthomatosis in the Rabbit 


11. Changes in the Ground Substance 


CHUN-I WANG, M.D.; LOTTE STRAUSS, M.D., and DAVID ADLERSBERG, M.D., New York 


The importance of the ground substance 
in the process of atherogenesis has become 
increasingly apparent.'’* The association of 
acid mucopolysaccharides of the ground sub- 
stance with lipid deposition in human arter- 
ies as well as in experimental atherosclerosis 
has been emphasized recently by many in- 
vestigators.** 

In a previous report the clinical and 
roentgenological manifestations of experi- 
mental xanthomatosis cholesterol-fed 
rabbits were described. Experimental 
xanthomatosis in these rabbits 
mimics both types of xanthomatosis seen 
in man, xanthoma tuberosum and xanthoma 
tendinosum. The former is usually encoun- 
tered in association with idiopathic hyper- 
lipemia, and the latter, with idiopathic 
hypercholesteremia, two inborn errors of 
lipid metabolism.'° 

In the early stages of experimental 
xanthomatosis the appearance of isolated 
foam cells in the dermis was usually accom- 
panied by a local bluish-violet hue of the 
ground substance. This was noted in sec- 
tions stained with hematoxylin and eosin. 
In continuation of these observations the 
present study is concerned with the rela- 
tionship between acid mucopolysaccharides 
of the ground substance, stained by the 
colloidal iron technique,'' and the deposition 
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of lipids in the skin, the joints, and the 
bones of cholesterol-fed rabbits. Early 
changes demonstrable by histochemical 
methods in the absence of gross histologic 
alterations receive special attention. 


Material and Method 


From a group of 120 “chinchilla gray” male 
rabbits fed cholesterol-supplemented chow for 
periods varying from 2 weeks to 10 months, 52 
were selected for this study. The intake of choles- 
terol was approximately 1 gm. per day. The ani- 
mals were killed after varying periods of 
cholesterol feeding for the study of experimental 
atherosclerosis and lipidosis of the internal organs. 
A small piece of abdominal skin and the hindleg 
were examined for xanthomatosis. Thirty-eight 
of the fifty-two animals fed cholesterol-supple- 
mented chow for less than three months exhibited 
grossly none or minimal xanthomatous lesions, A 
piece of the external ear was studied when small 
xanthomatous nodules, resembling eruptive xantho- 
mata of diabetes or auricular tophi of gout, were 
present. Knee and/or ankle joints were examined 
in 28 of the 52 animals. The skin and joints of 
four healthy animals were used as controls. 

All tissues were fixed in 10% formalin. The 
bones were demineralized in 5% nitric acid for 
48 to 72 hours prior to embedding. The sections 
were stained first with hematoxylin and eosin. 
Acid mucopolysaccharides of the ground substance 
were identified by staining corresponding sections 
with the Rinehart and Abul-Haj modification of 
Hale’s colloidal iron method." The acid muco- 
polysaccharides were stained bright turquoise; the 
collagen fibers, red; the cytoplasm of cells, green- 
ish-yellow, and the nuclear chromatin, brownish- 
gray. A piece of umbilical cord stained by the 
same technique was used as reference. 


Microscopic Findings 


Skin.—In the skin of untreated rabbits 
(controls) foam cells were absent and acid 
mucopolysaccharides were found only in 
small quantities in the ground substance 
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of the connective tissue surrounding the 
hair follicles in the dermis (Fig. 1). 

In early stages of cholesterol feeding a 
consistent increase of acid mucopolysaccha- 
rides in the ground substance of the corium 
was encountered. This accumulation of acid 
mucopolysaccharide was most evident when 
only a few foam cells were present. (Figs. 
2A and 2B). When stained with the colloidal 
iron technique the acid mucopolysaccharides 
of the ground substance displayed an intense 
turquoise, while the cytoplasm of foam cells 
showed a pale blue color. 

There were considerable individual differ- 
ences in the duration of cholesterol feeding 
required for the appearance of foam cells 
in the skin. In some animals isolated foam 
cells or nests in the upper corium, around 
hair follicles and in the perivascular and/or 
perineural spaces of the deep corium, were 
seen as early as 20 days after the initiation 
of cholesterol feeding. In other animals a 
similar picture was found only after 60 days 
of cholesterol feeding. In all instances 
considerable accumulation of acid mucopoly- 
saccharides in the ground substances coin- 
cided with the early appearance of foam 
cells. As foam cells increased in number 
and definite clusters of xanthoma cells were 
noted after three to four months of choles- 
terol feeding, the intensity of the colloidal 
iron reaction of the ground substance de- 
creased, 

In clinically manifest xanthomatosis with 
masses of foam cells distending the corium 
the sections showed a uniform pale blue 
color with the colloidal iron reaction. Clefts 
of cholesterol crystals could usually be 
found extracellularly (Figs. 3A and 3B). 
The acid mucopolysaccharides appeared to 
provide a fine matrix for both intra- and 
extracellular deposition of lipids. 

Joints and Bones.—In the joints of un- 
treated young animals abundant quantities 
of acid mucopolysaccharides were demon- 
strated in the cartilaginous tissue. The 
cartilaginous matrix had a homogeneous 
appearance and was stained a brilliant bright 
blue color. Abundant acid mucopolysaccha- 
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rides were also found in the ligaments or 
fibrous cartilages of the joints. In the latter 
sites, however, the interfibrillar ground sub- 
stance was stained intensely blue and as- 
sumed a coarse granular appearance. 

After about two months of cholesterol 
feeding foam ceils accumulated in the syno- 
vial membrane, the periosteum, the bone 
marrow, and Howship’s lacunae. In the 
tendons and ligaments foam cells were 
present in the fibrous sheath only. The 
cartilaginous caps of long bones were usu- 
ally devoid of infiltration with foam cells 
(Fig. 4). The ground substance of the 
periarticular connective tissue, the perios- 
teum, and the bone marrow along the bony 
trabeculae exhibited a moderate increase of 
acid mucopolysaccharides. Again the cyto- 
plasm of the foam cells showed only a pale 
Prussian blue reaction by the colloidal iron 
technique. As cholesterol feeding was con- 
tinued lipid was deposited in these tissues 
in increasing amounts. Cholesterol crystals 
could usually be seen as clefts within cells 
and in the interstitial tissues. 


Comment 


The origin of the connective tissue ground 
substance is poorly understood. It may 
undergo alterations in some pathological 
states which are thought to be highly com- 
plex."* Rinehart and Abul-Haj considered 
Hale’s colloidal iron technique a selective 
staining method for all the acid mucopoly- 
saccharides of the ground substance." It 
is known, however, that substances such 
as fibrin, casein, and gelatin also take up 
the colloidal iron stain."* Nevertheless this 
method is still considered suitable for the 
demonstration of acid mucopolysaccharides 
in tissues where these are known to be 
present. 

Acid mucopolysaccharides of the ground 
substance constitute a group of chemical 
compounds which are polymers of high 
molecular weight composed of hexosamines, 
glucuronic acid, acetate, and esterified sul- 
fate. Hyaluronic acid and chondroitin sul- 
fate have been extensively investigated in 
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Fig. 1.—Skin of untreated rabbit. Acid mu- 
copolysaccharides (blue) are seen only in the 
perifollicular connective tissue. Rinehart and 
Abul-Haj's modification of Hale’s colloidal iron 
stain; X 36 blown up to double size. 


Fig. 2B.—Same section as Figure 2A; Note 
considerable increase of acid mucopolysacca- 
rides in the ground substance of superficial and 
deep parts of the dermis. Rinehart and Abul- 
Haj's modification of Hale's colloidal iron 
stain; x 36 blown up to double size. 


Fig. 3B.—Same section as Figure 3A. Note 
almost complete absence of blue color. Note 
marked regression of colloidal iron reaction. 
Rinehart and Abul-Haj's modification of Hale's 
colloidal iron stain; x 36 blown up to double 
size. 


Fig. 2A.—Skin of Rabbit 18 after cholesterol 
feeding for 57 days. A, note isolated foam cells 
in the upper corium and nests of foam cells in 
the region of the hair follicles in the deep cori- 
um. No gross cutaneous xanthoma was present. 
Hematoxylin and eosin; x 36 blown up to 
double size 


Fig. 3A.—Skin of Rabbit 151 after cholesterol 
feeding for nine and one-half months. Gross 
xanthomata over the jaws have been noted for 
six months. A, note infiltration of skin with 
large numbers of foam cells. Numerous clefts 
left by cholesterol crystals are present. Hema- 
toxylin and eosin; * 36 blown up to double size. 


Fig. 4.—Joint of Animal 151 after cholesterol 
feeding for nine and one-half months. Note 
abundance of foam cells in the thickened syn- 
ovial membrane (center of figure). No foam 
cells are present in the cartilaginous cap of the 
bone (left). Hematoxylin and eosin; x 36 
blown up to double size. 
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EXPERIMENTAL XANTHOMATOSIS 


various tissues.'* The ground substance of 
the dermis is known to contain both hyalu- 
ronic acid and chondroitin sulfate B; that of 
hyaline cartilage, chiefly chondroitin sulfate 
A and a minor amount of chondroitin sul- 
fate C, and that of tendon and ligament, 
predominantly chondroitin sulfate C and a 
fraction of chondroitin sulfate B. These 
chemical differences between various con- 
nective tissues may be responsible for tinc- 
torial variations when the colloidal iron 
technique is employed. 

No correlation could be found between 
the original amounts of acid mucopoly- 
saccharides in various organs and_ the 
subsequent deposition of lipids after insti- 
tution of cholesterol feeding. This is in 
agreement with the findings of Buck.* The 
dermis of the skin of normal animals con- 
tained only scanty amounts of acid 
mucopolysaccharides. Cholesterol feeding 
produced a rapid accumulation of this ma- 
terial in the ground substance of the skin. 
Other tissues, such as the hyaline cartilage 
of long bones, the tendons, and the liga- 
ments, contained abundant acid mucopoly- 
saccharides in normal animals. No further 
increase of acid polysaccharides or deposi- 
tion of foam cells was found in these tissues 
after cholesterol feeding. Foam-cell deposi- 
tion (microscopic xanthomatosis) in the 
bones and joints was limited to the perioste- 
um, Howship’s lacunae, bone marrow, 
synovial membranes, and fibrous sheaths of 
tendons or ligaments. 

The relationship between the acid muco- 
polysaccharides of the ground substance and 
lipid deposition is obscure. With the insti- 
tution of cholesterol feeding striking accu- 
mulation of acid mucopolysaccharides occurs 
in certain organs, e. g., in the skin, in the 
early stage of lipid deposition. In other 
organs and in cartilaginous and osseous 
tissues this relationship was not demon- 
strated. Such factors as blood supply, 
lymphatic drainage, and fibroblastic activity, 
important as they may be, do not offer 
adequate explanation for these tissue varia- 
tions. One may perhaps speculate that 
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qualitative differences in chemical composi- 
tion of various connective tissues influence 
the site as well as the amount of lipid 
deposition. 

With advancing lipid deposition in the 
skin the amount of acid mucopolysaccharides 
seemed to recede. Thus in advanced stages 
of xanthomatosis considerably diminished 
staining of the ground substance with col- 
loidal iron was observed in comparison with 
that seen in early stages. The possibility 
must be considered that the intensity of col- 
loidal iron reaction does not necessarily 
reflect the quantity of acid mucopolysaccha- 
rides in the Craig found in 
Gaucher’s disease that the presence of lipids 
in the tissues inhibited their reaction to 
colloidal iron.’® In the light of this observa- 
tion combination of lipid molecules with 
acid mucopolysaccharides could affect the 
tingability of the tissues with colloidal iron 
in Hale’s technique. The deposition of large 
quantities of lipid in the tissues after pro- 
longed cholesterol feeding might interfere 
with the colloidal iron reaction, Chemical 
analysis of the tissues might be helpful in 
elucidating this problem. 


tissues. 


Summary 


Experimental xanthomatosis of the skin, 
joints, and bones was studied in 52 choles- 
terol-fed rabbits selected from the original 
group of 120. Special attention was paid to 
the relationship between acid mucopoly- 
saccharides of the ground substance and 
lipid deposition in tissues, especially in the 
early xanthomatous lesions demonstrable 


only histochemically. Clinical cutaneous 


xanthomatosis was preceded by a consider- 
able increase in acid mucopolysaccharides in 
the dermis. With the appearance of increas- 
ing numbers of foam cells and with extra- 
cellular deposition of lipids the amount of 
acid mucopolysaccharides receded. 


In the bones and joints the accumulation 
of acid mucopolysaccharides after choles- 
terol feeding was less striking. In the 
cartilaginous caps of long bones and in the 
tendons and ligaments, where a large amount 
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of acid mucopolysaccharides was present in 
the untreated animals, no deposition of lipids 
was produced by cholesterol feeding. The 
chemical composition of acid mucopoly- 
saccharides in the ground substance of dif- 
ferent connective tissues was discussed. It 
is not known whether these differences in 
composition may have a bearing on the 
affinity for lipids. 

The Mount Sinai Hospital, 5th Ave. & 100th St. 
(29) (Dr. Adlersberg) 
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Late Effects of Total-Body Roentgen Irradiation 


II. The Influence of Fractionated and Single Radiation Doses on the Incidence 
of Tumors, Nephrosclerosis, and Adrenal Vacuolation in Wistar Rats During 
Various Periods of Postirradiation Survival 


BALDWIN G. LAMSON, M.D.; RAYMOND A. MEEK, A.B., and LESLIE R. BENNETT, M.D., Los Angeles 


Introduction 


This study is based on detailed autopsy 
and histologic observations in Wistar rats 
surviving for varying periods after recovery 
from the acute effects of graded doses of 
total-body irradiation. Emphasis is placed 
upon the incidence of nephrosclerosis and 
neoplasms, both benign and malignant, and 
the relationships of these changes to the con- 
ditions of irradiation and duration of post- 
irradiation survival. 


In the first paper of this series’ the 
shortened life span, the hematological find- 
ings, and the clinical course of some of these 
same animals were described. Hypertension, 
nephrosclerosis, cataracts, and benign tumors 
were also enumerated as a part of the late- 
effects syndrome. Indirect measurements of 
this radiation-induced hypertension and the 
relationship of this hypertension to the renal 
lesions of the type described herein are the 
subjects of investigations still in progress. 


Methods ani Materials 


Rats used in these studies were largely young 
females of the Wistar strain, supplied by Carworth 
Farms at various times between 1949 and 1951. A 
smaller number of female Long Evans-Wistar 
hybrids were also used. The majority of both 
strains served as irradiated controls during the 
course of various investigations concerned with 
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acute radiation illness. Rather than killing these 
irradiated animals at the conclusion of these acute 
studies, they were preserved for observation of 
possible late irradiation effects. A total of 139 
Wistar and 56 hybrid rats thus became available 
for evaluation after surviving acute radiation ex- 
posures varying between 250 and 1000 r. At the 
higher dose levels many of the rats had been pro- 
tected from acute irradiation death by hypoxia 
during radiation exposure, The several irradiation 
experiments were commenced at various periods 
between 1949 and 1951 and were not all carried 
on simultaneously. Similarly, the 92 nonirradiated 
control rats tabulated in this report were not ob- 
served as a single group but were collected from 
the several experiments during this same and later 
periods. Control animals subjected to a 5% oxygen 
exposure during sham irradiation are not available 
for analysis. The technique of radiation exposure 
and the postirradiation care have been previously 
described.’ All rats were approximately 3 months 
of age at the time of irradiation and weighed close 
to 150 gm. Age in months of both the irradiated 
and the control animals as shown in subsequent 
tables is measured from this three-month arbitrary 
starting point. Only those animals that survived 
the radiation exposure for at least 30 days have 
been included in this analysis of late irradiation 
sequelae. The varying number of rats available 
for long-term follow-up at the several dose levels 
is not determined entirely by acute postirradiation 
mortality, for the numbers in the original irradi- 
ated groups varied considerably. Rats surviving 
600 r and above delivered in normal oxygen en- 
vironment are a highly selected group of animals 
that possessed greater than average resistance to 
acute radiation injury. Hypoxic radiation of 
1000 r and less produced little acute mortality. 
Survivors of these doses are largely unselected by 
susceptibility to acute radiation damage. 
Animals were housed four to a cage, fed Rock- 
land Rat Chow, and observed for late irradiation 
changes. Irradiated animals were killed with ether 
inhalation as they became terminal. Some of the 
control nonirradiated rats housed and fed under 
similar conditions were killed at intervals in order 
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to provide control observations at various ages for 
the study of naturally occurring disease under the 
conditions of life in our particular rat colony. 
Other control rats were allowed to live out their 
natural life span. The majority of these animals, 
both irradiated and control, received no supple- 
mentary medical care during this observation 
period other than sporadic treatment with anti- 
biotics when epidemics of respiratory disease or 
diarrhea threatened the survival of the colony 
Complete autopsies were obtained in most cases, 
including examination of the brain. Heart and 
kidney weights were recorded in the majority of 
cases. All tissues were fixed in Bouin's solution, 
cut at 6, and stained with hematoxylin and eosin. 
Special stains were used as indicated in the follow- 
ing section. 


Analysis of Results 


A. Occurrence of Tumors.—A tabulation 
of radiation doses, conditions of exposure, 
and the number of Wistar rats developing 
tumors during several different postirradia- 
tional survival times is shown in Table 1. 
Only those experiments containing seven or 
more rats are listed. Ten of the thirty 
animals excluded on this basis received doses 
of 1200 to 1600 r and did not survive long 
enough to develop neoplasms. The other 20 
received various doses between 250 and 
1000 r. Fourteen of these developed neo- 
plasms. Doses delivered in fractions are 
indicated in the first column by the multipli- 
cation symbol. The fractionation interval 
was approximately 90 days in both cases. 
Postirradiation survival is segregated into 
six-month time intervals in order to allow 
comparisons between animals of similar age. 
Total number of rats and number of rats 
with tumors dying in each time period are 
tabulated. Rats with tumors are further 
subdivided into those with benign, malig- 
nant, and multiple growths. These listings 
do not indicate the total numbers of tumors 
found but rather the number of rats harbor- 
ing the designated type of growth. Finally, 
the prevalence of tumor-bearing rats in our 
nonirradiated Wistar colony at comparable 
ages is indicated in the bottom of the table. 
Many of these nonirradiated animals were 
killed while in apparent good health, but the 
majority of the oldest group of control 
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animals completed their natural life span 
under the conditions of our colony. 

Analysis of the incidence of tumors as a 
function of time reveals, in the 20% oxygen 
controls, that neoplasms were absent prior 
to the 13- to 18-month period. Furthermore, 
although the incidence of control neoplasms 
rises sharply in the older animals, no mul- 
tiple tumors appeared in the controls before 
the 19- to 24-month period. 

In contrast, during the postirradiation 

period of from 30 days to 6 months, 17 of 
the irradiated rats died. One rat, from the 
anoxic experiment at 800 r, was found to 
harbor both benign and malignant tumors of 
the breast at 5.5 months. During the 7- to 
12-month postirradiation period 8 of the 23 
animals dying carried neoplasms, five of 
the malignant type. 
In the succeeding period, from 13 to 18 
months, when the first neoplasms were 
found in the control group, both multiple and 
malignant growths were recorded in the ir- 
radiated animals. During the subsequent 
time periods of 19 to 24 months and 25 
months and over the occurrence of benign 
tumors in the irradiation experiments is 
similar to the control series. Malignant and 
multiple tumors remain more frequent in 
the irradiated animals. 

At the 500 r level, where the only compari- 
son is available, the incidence of neoplasms 
appears similar following radiation exposure 
in both 20% and 5% oxygen environments. 

The earlier appearance of tumors in the 
irradiated animals was also apparent follow- 
ing 500 r in either 5% or 20% oxygen 
environment. The data at 250 r are too 
scanty to permit conclusions, and the min- 
imal dose, if any, responsible for this tumor- 
accelerating effect cannot be estimated from 
these data. 

Comparison Between the Effects of Single 
and Divided Radiation Exposures: Too few 
animals are available to provide an accept- 
able statistical comparison between the ef- 
fects of single and fractionated irradiation 
on tumor genesis. Where a comparison is 
possible in the hypoxic exposure at 800 r, a 
trend is nevertheless present, suggesting that 
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a fractionated dose may be a more effective 
tumor-accelerating agent than the same total 
dose administered as a single exposure. Ten 
of the eleven rats receiving 400 r fractions 
delivered within 86 days developed tumors, 
whereas nine of the twenty-two rats receiv- 
ing the same 800 r delivered in a single 
exposure acquired neoplasms. This trend 
is particularly noticeable during the 13- to 
18-month period, when five of the eight rats 
developed malignant tumors after the frac- 
tionated dose. Postirradiation survival times 
in the fractionated experiments are com- 
puted from the initial irradiation fraction. 
This delay in receiving the total comparable 
dose in the fractionated group serves to em- 
phasize even more the possible accelerating 
effect upon neoplasia of the divided method 
of exposure, Obviously further data are re- 
quired, and experiments are now underway 
to provide an adequate evaluation of the 
effects on neoplasia of a fractionated radia- 
tion dose. 

Histologic Types of Tumors: The dis- 
tribution of tumor types as a function of 
postirradiation survival time is shown in 
Table 2. All 139 irradiated animals are 
grouped together in this table. Within the 
dose range of 250 to 1200 r there appeared 
to be no relationship between the amount 
and conditions cf radiation and the histo- 
logic type of tumor obtained, There is no 
opportunity to evaluate this point at the 1400 
and 1600 r levels because of the absence of 
tumors in these groups. Standard tumor 
nomenclature is when the tumors 
showed a strong resemblance to the human 
counterpart. We have had limited or no ex- 
perience with the biologic behavior of many 
of these rat neoplasms; hence the criteria 
for malignancy in the absence of obvious 
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metastasis are restricted to histologic ana- 
plasia and evidence of Many 
tumors of the internal genital organs were 
not clearly of epithelial or stromal origin and 


invasion. 


so have been listed only as benign. In two 
cases the exact site or origin within the 
genital apparatus was not clear, necessitating 


a further 
organs.” 


nonspecific grouping “pelvic 
Epithelial tumor types showing 
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incidence of Tumor Types in Wistar Rats During Various Periods of 
Postirradiation Survival 
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Breast 
F ibroadenoma 7 
Carcinoma 

Uterus 
Adenoma 
Carcinoma 2 

Ovary, benign 

Vagina, carcinoma 1 
Pelvic organs, benign 
Adrenal 

Adenoma 

Carcinoma 
Pancreas, adenoma 
Pituitary, adenoma 

Liver, adenoma i 

Kidney 
Adenoma 
Carcinoma 

Heart, benign 

Bladder, papilloma 

Skin 
Papilloma 
Carcinoma 

Lung 
Adenoma 
Carcinoma 2 

ne, sarcoma 

Lipoma 

t tissue, sarcoma 

Lymphoma 

Disseminated carcinoma 

Total types 
Benign 0 
Malignant ! 9 

Total rats 2 7 


ne 


Control 


Irrad. 


Control _Irrad. 


Control 


21 1 12 7 4 10 
3 
1 
4 4 1 
1 1 
1 1 
1 
1 1 
2 1 3 7 
2 2 1 
2 
1 
1 
1 
1 
1 1 1 
3 3 1 1 1 
1 
2 
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wide dissemination are listed as such, even 
though the histologic pattern and gross find- 
ings were strongly suggestive of a specific 
site of origin. 

Ovarian Tumors in Irradiated Animals: 
Benign tumors of the ovary appeared in both 
hypoxic and 20% oxygen irradiation experi- 


ments. In all, 8 of the 139 irradiated rats 


developed ovarian neoplasms, one after our 
lowest dose, of 250 r delivered in 20% 
oxygen environment. This neoplasm, which 
was not observed in the control material, 
appears to be specifically increased by radia- 
tion in these rats, a radiation effect previ- 
ously reported in mice.* An increase of lung 
tumors after radiation may also be present. 
Kleven of one hundred thirty-nine irradiated 
animals supported pulmonary neoplasms. 
These tumors sometimes occur as small 
nodules of microscopic size in peribronchial 
position. At other times they infiltrate the 
lung parenchyma’ extensively, forming 
macroscopic neoplasms. In one case an en- 
tire lobe of one lung was consolidated. The 
morphology 
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varies from undifferentiated 


tumors with closely packed cells with a 
spindle shape and small hyperchromatic 
nucle: to well-differentiated tumors com- 
posed of large epithelial type cells with a 
pronounced papillary pattern. One tumor 
was a well-differentiated squamous car- 
cinoma. 

Only when malignant tumor has been con- 
fined to the lung have the neoplasms been 
classified of pulmonary origin. When tumor 
has appeared in other organs in addition to 
the lung the designation disseminated car- 
cinoma has been used. 

Whether these tumors are actuaily in- 
creased in number or only appear sooner 
following irradiation must await comparison 
with a larger control series allowed to live 
out a normal life span, for, unlike the 
ovarian tumors, lung cancer was found in 
two rats of our control material. Breast 
tumors, both benign and malignant, and 
adenomas of the liver also appear to be in- 
creased in frequency in the irradiated ani- 
mals, Although a wider display of tumors 
is generally evident in the irradiated group, 
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the increased variety of neoplasms in the 
older control animals suggests caution in 
judging any single tumor type to be a unique 
result of radiation injury. 

The incidence of lymphoma is probably 
not increased in this strain of rats by the 
radiation exposures used. The occurrence of 
pituitary tumors was noted in both irradiated 
and control rats and does not appear to be 
increased by the radiation stimulus. In the 
controls, the expected high incidence of non- 
functioning adenomas of the pituitary ap- 
pears in the 19- to 24-month survival group. 

When the various tumor types in the ir- 
radiated animals are related to the period of 
postirradiation survival, those tumors that 
appear earliest, such as the breast neoplasms, 
will appear most frequently throughout the 
study. No significant time prevalence for 
any single neoplasm was detected. Ovarian 
tumors were not observed prior to the 13- to 
18-month period, 

B. Nephrosclerosis.—In rats over one 
year of age it is difficult to find an entirely 


Fig. 1.—Focal area of dilated tubules in renal 
cortex. Note clusters of lymphocytes about vessel 
in lower portion of picture. The focal nature of 
this change and the presence of inflammatory cells 
aid in distinguishing this type renal damage from 
the nephrosclerosis of the irradiated animals. 
and eosin; reduced % from mag. 
100. 
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Fig. 2.—A focal cortical scar in a rat having 
received 250 r 20.5 months prior to death. The 
scarred area with its heavy lymphocyte infiltrate, 
although found in an irradiated animal, was not 
considered to represent the change associated with 
radiation exposure. Hematoxylin and eosin; re- 
duced 4% from mag. < 100. 


normal kidney. Small focal cortical scars 
with hyalinized glomeruli, atrophy and dila- 
tation of tubules, and lymphocyte influx are 
found in the majority of older control and 
irradiated animals we have observed ( Figs. 
1 and 2). The term, nephrosclerosis, as used 
here refers on the other hand to a bilateral 
generalized renal disease in which thicken- 
ing of membranes of glomerular tufts and 
capsules with a periodic-acid-Schiff-positive 
(PAS-positive) material and extreme focal 
dilatation of renal tubules are the outstand- 
ing histologic features. In the fully de- 
veloped stage of this nephrosclerotic process 
the tubular dilatation is so extreme that 
microscopic slides of kidneys so involved 
may be easily recognized by the unaided eye 
(Fig. 3). The sieve-like porosity of the 
renal parenchyma is readily apparent, 

The recognition of this process in the less 
severely involved kidneys and its distinction 
from the focal scars and dilated tubules so 
common in the control animals is more diffi- 
cult. We have arbitrarily classified as 


a 
4 


Fig. 3.—Kidney 13.5 months after a single dose 
of 800 r. Tubule dilatation is so extensive that 
the sieve-like porosity of the tissue slice is ap- 
parent in this - power view. Collecting tubules 
and pelvis are not involved. PAS, reduced % 
from mag. 7 


nephrosclerotic all kidneys showing wide- 
spread bilateral glomerular-tuft membrane 
thickening and arteriolar degeneration and 
thickening in association with extensive 
areas of dilated proximal tubules mingled 
with contracted atrophic tubules. To qualify 
as nephrosclerosis the majority of the in- 
jured glomeruli and tubules must lie in re- 
gions of the kidney cortex entirely free of 
chronic inflammatory cell exudate (Fig. 4). 
Focal cortical scars with lymphocytic infiltra- 
tion may also be present in the nephro- 
sclerotic kidneys, just as they are found in 
so many of the nonirradiated controls. If, 
however, all thickened glomeruli are found 
only within small focal scarred regions of 
the kidney and intervening glomeruli appear 
normal, the kidney is considered not to show 
nephrosclerosis as defined for the purposes 
of this paper. 

Development of Nephrosclerosis: The 
earliest change observed in the development 
of this disease is a thickening of membranes 
of both the glomerular capsule and the capil- 
lary tufts with an eosinophilic hyalin sub- 
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Fig. 4.—Generalized change in renal cortex from 
rat surviving 25 months after 250 r administered 
in normal oxygen tension. Cast-filled dilated renal 
tubules with atrophic lining epithelium are evident. 
Other tubules are collapsed, with near obliteration 
of lumens. Note freedom from inflammatory cell 
infiltrate. Hematoxylin and eosin; reduced \% 
from mag. 100. 


stance, shown by hematoxylin and eosin 
stain, which in appropriate planes is con- 
tinuous with similar material involving the 
entire thickness of associated arterioles. This 
material is PAS-positive, green with 
Gomori's trichrome stain, dark blue with 
Mallory’s azocarmine, and yellowish with the 
Van Gieson stain. Oil red © on Bouin's 
fluid-fixed material gives a positive reaction 
for fat in these altered glomeruli, and 
methylerosaniline chloride (crystal violet) 
for amyloid yields a negative reaction. Con- 
currently there is a focal dilatation of con- 
voluted tubules with proteinaceous PAS- 
positive cast formation and compression and 
atrophy of tubular lining epithelium. In- 
tervening tubules may be compressed to a 
near lumenless state, 

As the process progresses, involved 
glomeruli first become larger than normal 
and appear as structureless masses in which 
capillary detail may no longer be discernible 
(Fig. 5). Arterioles become thick walled to 
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Fig. 5.—Glomerular change six and one-half 
months after 1000 r. The deposition of PAS- 
positive material in walls of glomerular capillary 
loops progresses to complete obliteration of glomer- 
uli. PAS-positive substance in tubule casts is also 
apparent. PAS; reduced 4% from mag. X 200. 


the point of near occlusion of their lumens. 
Changes in the walls or intima of small and 
larger arteries are not observed. The max- 
imal development of the process observed 
to date leaves a kidney with somewhat 
smaller glomeruli, appearing as hyalinized 
masses interspersed with extremely dilated 
tubules filled with eosinophilic casts. The 
kidney does not yield an over-all contracted 
appearance, largely because of the tubule 
dilatation, and does not become the site of 
widespread inflammatory-cell influx. See- 
tions through the pelvis have not revealed 
evidence of chronic inflammation, even in the 
most severely nephrosclerotic organs ( Fig. 
6). 

As defined above, nephrosclerosis was ob- 
served in only one rat of the control non- 
irradiated Wistar coiony reported herein. 
Diffuse renal disease in the control rats of 
this report has been otherwise limited to 
acute pyelonephritis and a generalized pro- 
liferative glomerular disease, suggesting 
glomerulonephritis. 
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Fig. 6.—Kidney pelvis from same kidney shown 
in Figure 4. The pelvis is not dilated and is en- 
tirely free of inflammatory exudate. The general- 
ized diiatation of proximal portions of the nephron 
with sparing of the collecting tubules is evident. 
Hematoxylin and eosin; reduced 4% from mag. 

24. 


Incidence of Nephrosclerosis: The inci- 
dence of nephrosclerosis in the Wistar ir- 
radiated groups containing the larger 
numbers of animals is shown in Table 3. 
Only 2 rats of the 23 studied after irradia- 
tion in normal oxygen environment de- 
veloped the disease, both during the 19- to 
24-month period, after 250 and 500 r. After 
anoxic radiation the incidence at 500 r ap- 
pears comparable to the 500 r 20% oxygen 
experiment. With larger single hypoxic 
doses of 800 r and higher the lesion appears 
sooner, even occurring in the 2- to 6-month 
survival period. The incidence becomes high 
13 to 18 months after 800 r and 7 to 12 
months after 1000 r. Two rats surviving 
the 1200 r dose for five and six months, re- 
spectively, each acquired the renal lesion, In 
those few hardy animals that survived 1400 r 
the lesion was not observed, but none of 
these rats lived for longer than two months. 

It is significant that even after as large 
a dose as 1400 r there is no histologic evi- 
dence of renal injury during the immediate 
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Taste 3.—Incidence of Nephrosclerosis in Wistar Rats During Various Periods of 
Postirradiation Survival 
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Conditions of 26 : 7-12 
Irradiation 


1,200 5 10 wo 2 
1,000 5 26 4 2 y 
800 5 19 1 1 5 

2400 5 10 

500 16 0 4 
500 5 
250 7 i 1 
0 2 0 “4 


postirradiation period. After this latent 
period, the length of which is inversely re- 
lated to the size of the dose in this series 
of experiments, the directly dose-related 
nephrosclerosis appears. A high incidence 
is experienced in the middle time period of 
survival after the various doses, but not all 
of the long-term survivors of even the larger 
single doses develop renal pathology, there 
being a residue of resistant individuals who 
never acquire the disease. Only one of the 
six rats surviving single doses of 800 r or 
greater for longer than 18 months acquired 
nephrosclerosis, but a final evaluation of in- 
cidence during this period must await the 
accumulation of more data. No association 
between the presence of neoplasms and 
nephrosclerosis has been observed. 

Possible Protective Effect of Dividing the 
Radiation Dose: In a small number of ani- 
mals it is possible that the divided radiation 
dose may have offered protection against the 
development of late kidney injury. Thirteen 
of the nineteen rats receiving 800 r in a 
single dose developed nephrosclerosis, 
whereas none of 10 rats receiving the same 
total radiation in a fractionated exposure 
acquired the disease. 

In more recent experiments we have 
failed to produce consistently a high inci- 
dence of nephrosclerosis in female Wistar 
rats after a single total-body exposure of 
1000 r. This indicates that other factors 


Postirradiation Survival, Mo. 


19-24 


N 
Deaths 
Rats with 
Deaths 
Rats with 


besides fractionation of the dose may be re- 
sponsible for this decreased incidence of 
renal disease. 

Nephrosclerosis in Hybrid Rats: F; 
hybrids of Long-Evans rats and our Wistar 
animals were irradiated in smaller numbers 
to test the strain specificity of this late ir- 
radiation effect. Sixteen of forty-four rats 
developed nephrosclerosis after receiving 
250 to 1200 r total body irradiation. By 
histologic examination the renal changes 
when present in these hybrids were indis- 
tinguishable from those previously described 
in the Wistar strain. 

C, Adrenal Changes.—In addition to the 
presence of neoplasms and nephrosclerosis, 
alterations in the adrenal glands have been 
observed frequently in the irradiated ani- 
mals. The presence of large hemorrhagic 
adrenals has already been recorded.' Micro- 
scopic examination of all the adrenal glands 
available from this series has revealed con- 
spicuous alterations in structure in the 
majority of older rats of both the control 
and the irradiated groups. The normal 
orderly near-paralled alignment of epithelial 
cells of the reticular and fascicular zones of 
the cortex has given way to focal areas of 
large cystic spaces filled with clear or hemor- 
rhagic fluid which distort and compress the 
adjacent surviving cortex parenchyma. This 
cystic degeneration may involve any portion 
of the cortex and may be so extensive as 
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Fig. 7.—Cystic spaces in the adrenal cortex con- 
tain fluid rich in precipitated protein and red cells. 
When large areas of the cortex are altered in this 
fashion the adrenals grossly appear large and 
hemorrhagic. This lesion is found in both irradi- 
ated and older control material. Hematoxylin and 
eosin; reduced 4% from mag. X 100 


largely to obliterate normal adrenal archi- 
tecture (Fig. 7). Adrenals of this type were 
found frequently in control and irradiated 
rats, alike, particularly in the older age 
groups, and undoubtedly account for the 
hemorrhagic gross appearance of many of 
these organs. These cystic changes were 
interpreted as agonal changes in association 
with the infections of terminal illnesses. 
A second adrenal change has occurred 
with similar high frequency in the irradiated 
animals but was not observed in the control 
animals of this series, although it has since 


been encountered commonly in 3-year-old 


nonirradiated rats of experiments still in 
progress. This latter change consists of focal 
accumulations of intracytoplasmic soluble 
material which appears after tissue process- 
ing as clear cytoplasmic vacuoles suggest- 
ing lipid. This accumulation may involve 
the entire cytoplasm of an_ individual 
epithelial cell of the cortex, forcing the 
nucleus to the side in the fashion of a fatty 
liver cell (Fig. 8). When a focal area of 
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Fig. 8.—Cytoplasmic vacuoles in adrenal cortex 
from rat dying six and one-half months after 
800 r exposure. Vacuoles may exceed normal cor- 
tex cells in size, producing an appearance not 
unlike that of a fatty liver. Hematoxylin and 
eosin; reduced 45 from mag. X 200. 


cortex is involved in this fashion, as is prone 
to occur, the appearance of adipose tissue 
is simulated. Alternating areas of vacuolated 
and nonvacuolated cortex produce a nodular 
appearance in the cortex, although actual 
circumscribed nodules of hyperplasia were 
not (Fig. 9). Adrenals of this type 
occur in both anoxic and normal-oxygen- 
tension experiments throughout the radiation 
Animals dying in the 
shortest survival period were also occasion- 
ally involved. 


seen. 


dose range studied. 


It is not believed that these vacuolated 
adrenals represent a specific radiation-in- 
duced change, but their appearance is suffi 
ciently distinctive and the lesion uncommon 
enough in younger nonirradiated rats of our 
Wistar colony so as to serve as a means of 
recognition of the irradiated animals with 
the microscope with fair accuracy when the 
age of the rat is known. No association 
between this adrenal change and the presence 
of nephrosclerosis or neoplasms has been 
recognized, 
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Fig. 9.—Low-power view of complete section 
of same rat adrenal as shown in Figure 8. The 
nodular appearance of the cortex is produced by 
focal aggregates of vacuolated cortex cells, Note 
the circular discrete appearance of the clear area 
at the right margin of the section. Hematoxylin 
and eosin; reduced \% from mag. approximately 


20. 
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D. Weights of Kidney and Heart in Ir- 
radiated and Nonirradiated Rats.—Wet 
weights of kidneys and hearts expressed as 
mean values in grams per kilogram are 
tabulated to three significant figures for 
three of the experiments involving — the 
largest groups of animals at six-month sur- 
vival intervals (Table 4). Standard devia 
tions are computed where four or more 
figures are available. The number of values 
entering into each mean value are shown 
in all cases, 

Following single hypoxic exposures to 800 
and 1000 r, where the incidence of nephro- 
sclerosis is high, kidney weights of the ir- 
radiated groups in general approximate those 
of the controls. When the same wet kidney 
weights are expressed as grams per kilogram 
total rat weight (Table 4, 4) a relative in- 
crease in kidney size compared with the 
nonirradiated controls becomes apparent 
during the 7- to 12- and 13- to 18-month 
survival periods. This relatively large kid- 
ney size expressed as a proportion of total 
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body weight occurs in the irradiated animals 
during the same survival periods when there 
is a high incidence of nephrosclerosis fol- 
lowing hypoxic doses of 800 and 1000 r 
(Table 3). 

It must be stressed again that the ir- 
radiated animals were all allowed to live 
until a terminal state was reached, whereas 
many of the control rats, even in the survival 
period of 13 to 18 months, were killed when 
clinically they appeared in good health. 
Wasting of soft skeletal tissues during a 
terminal illness would in itself increase the 
proportional weight of parenchymal organs 
such as the kidney. To what extent this 
contributes toward the relatively larger kid- 
neys of these irradiation experiments is 
uncertain. In the later survival periods, 
where both irradiated and control animals 
reached terminal states, few animals are 
available for comparison. The limited data 
in these later survival periods suggest that 
the kidneys of irradiated animals are still 
at least as large as the controls, if not larger. 
The relationship is complicated, however, by 
the decreased prevalence of nephrosclerosis 
during these later periods, 

Heart Size: In a small sample of these 
Wistar rats irradiated with 1000 and 500 r, 
hypertension was detected 300 days after 
radiation exposure, as previously reported,’ 
Since heart size in the female rat has been 
shown to be related to blood pressure,*® a 
tabulation of heart weights expressed as wet 
weight per kilogram in the same three most 
populous experiments was made. 

There is considerable variation in heart 
size, but the irradiated rats and the controls 
appear to possess hearts of approximately 
the same average weight. Heart weights ex- 
pressed as proportion of total rat weight in 
the irradiated animals (Table 4, B) gener- 
ally appear to be larger than those of their 
same aged controls, particularly in the 7- to 
12- and 13- to 18-month periods, when 
nephrosclerosis achieved a high frequency. 
It is doubtful if the body wasting in the 
terminal illness of the irradiated group, an 

influence largely lacking in the killed con- 
trols of this time group, could explain the 
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magnitude of the relative heart size increase 
of the irradiated series. 

Influence of Nephrosclerosis on Heart and 
Kidney Size: Through 18 months postir- 
radiation there appears to be no association 
between the presence or absence of nephro- 
sclerosis and the weights of either heart or 
kidney. When the weight data are expressed 
as wet weight as a proportion of total body 
weight, both kidneys and hearts of the ir- 
radiated nephrosclerotic rats appear gener- 
ally larger than those without this 
abnormality. These organ weights then give 
indirect support to the prevalence of hyper- 
tension in the irradiated groups and further 
suggest that the hypertension may be severer 
in those rats with nephrosclerosis, 


Comment 

The tumor-inciting effect of ionizing 
radiation directed toward tissues of man and 
many laboratory animals under certain con 
ditions of local exposure is too well known 
to require further documentation. Increased 
tumor incidence as a late effect of a single 
dose of total-body irradiation in mice was 
extensively studied by Furth, in 1936.* He 
described at that time the increased numbers 
of ovarian tumors and lymphomas in three 
strains of irradiated mice when compared to 
the spontaneous incidence of these tumors 
in nonirradiated mice allowed to live out 
their normal life span. Shortened latent 
period of appearance time of tumors gener 
ally and decreased longevity were also noted 
in these animals. Another early publication, 
such as Henshaw’s paper, in 1944,° clearly 
studied the incidence of leukemia at a spe 
cific postirradiation time, 18 months, in C57 
black mice in irradiated and control groups, 
at which time the experiments were term- 
inated by the death of the last irradiated 
animals, The influence of latency here could 
be predominant. Although interest in late 
effects of total-body exposure to ionizing 
radiation has increased considerably in more 
recent years, not all publications have sub- 
sequently so clearly distinguished between 
shortened latency and the ultimate incidence 


515 


> 
| 
; 
q 
h 
« 


of tumors when both irradiated animals and 
controls are allowed to reach natural term- 
ination of their life span. In some recent 
papers an element of uncertainty even exists 
as to whether the “incidence” of tumors in 
control animals refers to the ultimate inci- 
dence of neoplasm in a colony reaching 
spontaneous death from natural disease or 
to the prevalence of neoplasms at some 
arbitrary period of termination of the ex- 
periment. In other cases early conclusions 
have been supplemented as observations 
based on older control animals have become 
available. For example, in the first report 
of the induction of pituitary tumors in mice 
by irradiation,” comparisons between ir- 
radiated animals and controls made at 26 
months postirradiation showed considerably 
increased frequency of pituitary adenomas. 
In a later report,” when some of the control 
mice had reached 3 years of age, the inci- 
dence of pituitary tumors in the irradiated 
animals still appeared increased, although 
a spontaneous incidence of pituitary tumors 
of 8% was now apparent in the older female 
control animals. From the practical health 
physics viewpoint it may make little differ- 
ence whether irradiation accelerates the 
onset of neoplasia or actually increases the 
final incidence of the disease. On the other 
hand, the matter is of considerable interest 
in understanding the nature of the radiation 
effect, 

The chronic experiments of Lorenz in 
mice,” where daily small radiation exposures 
were utilized, also indicate an absolute in- 
crease in incidence of lymphomas and ova 
rian and breast tumors as compared to final 
control incidences of these neoplasms. The 
earlier lung-tumor studies of this author and 
his associates '’ were terminated at 287 days, 
and the final incidence of lung tumors in his 
control mice was not determined. In the sub- 
sequent chronic exposure studies reported in 
1955,!! where the final incidence of tumors 
in control mice was observed, lung cancers 
in male irradiated mice were also increased 
above this control level 

The induction of tumors in rats by total- 
body irradiation has been less extensively 
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studied than in other laboratory animals. 
Brecher and his associates ™ studied the 
incidence of tumors in Sprague-Dawley rats 
previously protected from 700 to 1000 r by 
either glutathione, /p-aminopropiophenone, 
or parabiosis. A high incidence of tumors 
of types infrequently encountered spon- 
taneously was reported in animals surviving 
for six months or longer. Shortened lon- 
gevity in these animals was also mentioned. 
Metcalf and Inda ™ have tabulated the oc- 
currence of tumors in Wistar rats following 
a two-year daily exposure of 0.1, 0.5, 1.0, 
and 10.0 r. An increased incidence of fibro- 
adenomata of the breast in female animals 
and leukemia in both sexes was suggested 
when compared to control animals dying 
during the treatment period. Koletsky, in 
1955,"* compared the incidence of tumors in 
control and irradiated male Wistar rats after 
660 r at 26 months postirradiation, when all 
the irradiated animals had died. Twenty-one 
of the thirty-six control animals were still 
alive at that time. An increased incidence of 
benign, malignant, and multiple tumors was 
reported. Using temporary parabiosis with 
a littermate partner, Finerty et al.® have 
protected 80% of female Holtzman rats 
from acute irradiation death following 700 r. 
The parabiosis was separated surgically 
after 30 days. Seven of the thirty-two ir- 
radiated rats followed for more than six 
months developed malignant tumors. No 
malignant tumors were reported during the 
same period among their nonirradiated para- 
biotic partners. The last three of these re- 
ports are concerned with control animals that 
were not as a group observed throughout 
their life span; however, a recent follow-up 
report from Finerty and his associates 
extends their data through the life span 
of the control animals. Tumors did not de- 
velop in these nonirradiated formerly para- 
biotic partners, but their survival time was 
markedly shortened from the usual life ex- 
pectancy of this strain of rats and did not 
significantly exceed the life span of the ir- 
radiated partners. 
In our own studies of the female Wistar 
rat reported here only the majority of the 
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nonirradiated control rats living for longer 
than 24 months after the date of radiation 
exposure were allowed to survive until 
natural death. It is believed significant that 
the incidence of tumors, both benign and 
malignant, in these few older control animals 
is as great as the final incidence of tumors 
in the largest groups of irradiated animals 
receiving 500, 800, or 1000 r. Studies still 
in progress based on a much larger control 
series of Wistar rats already tend to confirm 
this point.’7 It appears that the neoplasms 
appearing in our rats following total body 
irradiation in the 250 to 1200 r range in 
either 5% oxygen or normal oxygen en- 
vironment appear sooner but not necessarily 
in greater numbers than in the nonirradiated 
controls. Presumably, if all the controls had 
been allowed to live out their natural life 
span the final prevalence of neoplasm in 
irradiated and control groups would be com- 
parable, 

Data bearing on the relative effectiveness 
as a tumor-accelerating agent of a single 
versus a near equal but fractionated dose 
of total body irradiation are particularly 
meager and largely confined to studies in 
mice. Furth* compared the effects of a 
single dose of 400 r on 214 Stock A mice 
with 126 mice of the same strain that re- 
ceived multiple irradiations of 200 to 400 r 
three to five weeks apart, totaling from 600 
to 1200 r. The incidence of tumors was 
closely similar, even though the mice receiv- 
ing fractionated exposure cumulated a much 
larger total exposure. A variety of tumors 
were observed, and the distribution of tumor 
types was the same in both groups. Kap- 
lan,’* using C57 black mice, found the 50% 
lymphoid tumor-inducing dose to be closely 
similar when exposures were delivered either 
as a single dose or in daily fractions for 
two, four, and eight consecutive days. On 
the other hand, the dose producing tumors 
in 50% of the animals was significantly 
lower when fractionated at eight-day in- 
tervals than when given as a single or daily 
fractionation exposure. Kaplan suggested 
the optinuum radiation fractionation interval 

for lymphoma inductions in mice to be be- 
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tween four and eight days. Brues, Sacher, 
Finkel, and Lisco™ have indicated that 
lymphoid tumors in mice are produced with 
more effectiveness by a daily fractionated 
radiation dose than by a single exposure. 
In their experiments, when 400 r was di- 
vided over a 10-day period more lymphomas 
were produced in CF; female mice than were 
produced by either a single dose of 400 r or 
400 r divided over 40 days. We have not 
encountered reports comparing the effective- 
ness of single and divided total-body ex- 
posures as tumor-accelerating agents in the 
rat. Our own data based on a very small 
number of animals, while not conclusive, 
suggest that total-body irradiation delivered 
as a fractionated exposure may be a more 
plasia than a single exposure in this species 
potent stimulus to early appearance of neo- 
as well. This trend is of increased interest 
in view of the observations in mice under 
selected circumstances referred to above. 
According to the single-hit theory of direct- 
irradiation effect one might expect the 
tumor-inciting influence of a divided dose of 
radiation to be cumulative if it were de- 
pendent only upon gene mutation.2®° The 
apparent increased effectiveness of a frac- 
tionated dose in producing neoplasms sug- 
gests that more is involved in the process 
than a single mutation. It has been postu- 
lated that acute radiation injury is in part 
remedial and in part permanent.?! Tissues 
in a state of partial recovery may be more 
susceptible to further effects of radiation 
than tissues not previously so traumatized. 
This reasoning would not necessarily favor 
either the direct or indirect theories of radia- 
tion injury. 

In most studies where neoplasia has been 
hastened and life span also measured these 
two variables have been directly associated. 
Also the exact threshold for both these late 
irradiation effects, although poorly defined, 
certainly occur in the same general range of 
dosage. It appears likely to us, as it has to 
Upton and Furth,* that the total incidence of 
neoplasia is closely related to reduced lon- 
gevity. The accelerated aging phenomenon 

associated with total-body irradiation late 
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sequelae is generally manifest clinically by 
atrophy of tissues, weight loss, graying of 
hair, alopecia, and reduced activity. The in- 
creased incidence of neoplasia under these 
conditions may well be only one more expres- 
sion of a hastened senescence. Future studies 
designed to measure the threshold doses of 
both increased neoplasia and shortened life 
span will bear on this point. 

The types of tumors produced, as well as 
their frequency, are pertinent. Our finding 
of ovarian neoplasms in the irradiated ani- 
mals but not in the control material suggests 
some form of altered hormone metabolism. 
Recent summarized the ac- 
cumulating evidence favoring the existence 
of an indirect effect of radiation as a factor 


reviews have 


in the induction of some neoplasms, par- 
ticularly of endocrine origin.2*** Part of 
this evidence is related to the induction of 
ovarian neoplasms in the mouse. Radiation- 
produced reduction of ovarian function fol- 
lowed by increased ovarian stimulation by 
pituitary activity has been postulated to ex- 
plain radiation-induced ovarian tumors in 
this of active 
Graafian follicles in the ovaries of our rats 
at autopsy many months following a 1000 r 
total-body exposure (Fig. 10) suggests that 
the hormonal mechanism involved in the rat 


species. presence 


is not dependent upon permanent complete 
involution of the female gonad, Similarly, 
continued ovarian function as manifest by 
pregnancy has not prevented the later de- 
velopment of ovarian tumors in_ postir- 
radiated mice.** 

The prevalence of tumors in tissues known 
to be responsive to hormone stimulation is 
conspicuous in both the irradiated animals 
and the controls. Kaplan's modification of 
the induction rate of lymphomas in mice by 
adrenal steroid ** and _ testosterone treat- 
ments 2” reveals the endocrine dependence 
of one type of radiation-induced neoplasm. 


The role of various hormones in tumor 
genesis in normal rats has also been re- 
ported. The vacuolated adrenal cortices 


so prevalent in our irradiated animals sug- 
gest that the adrenal gland may be involved 
in some fashion in the tumor-accelerating 
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Fig. 10.—Active Graafian follicle in an ovary 


from rat living 18.5 months 
1000 r hypoxic irradiation. No evidence of di- 
minished ovarian function was found in any of 
the irradiated groups of this study. Hematoxylin 
and eosin; reduced 4 from mag. 100. 


alter exposure to 


process, although no specific correlation be- 
tween these findings was observed. In any 
event it is noteworthy that ovarian tumors 
appear an irradiation effect in another 
species of experimental animal besides the 
mouse, 


as 


Other tumors have appeared infrequently 
in the irradiated animals which were not 
represented in our control animals. Spon- 
taneous tumors in rats have also been re- 
ported in a great variety of tissues,"1441.42 
including the pituitary.** In view of the 
small number of very old animals in our 
control series and this known widespread 
spontaneous occurrence of neoplasms in so 
many tissues, we believe tumor types other 
than of ovarian origin and possibly the 
tumors of the lung, breast, and liver in our 
irradiated animals have probably not been 
specifically increased by irradiation injury. 

In contrast to the extensive literature on 
the induction of neoplasms by total-body 
irradiation, very little has been written about 
renal changes as one aspect of the late radia- 
tion-effect syndrome. After the original de- 
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scription of the late renal changes,’ similar 
observations have been made in mice,***® 
showing that this process is not confined to 
the rat. 

At present we do not have conclusive evi- 
dence as to whether the renal damage in our 
animals is a direct or indirect irradiation 
effect. Shielding experiments now in prog- 
ress suggest that other factors besides the 
extent of the irradiation field may be in- 
volved in the pathogenesis of the lesion, The 
complete absence of histologic evidence of 
renal injury immediately postirradiation and 
for many subsequent months followed by 
renal changes that relatively increase the 
size of the organ certainly raises the ques- 
tion of an indirect effect. A scarred con- 
tracted kidney resulting from delayed vessel 
changes as a result of direct radiation dam- 
age would be expected to be a relatively 
smaller organ. Grossman’s paper, reviewing 
the subject of irradiation nephritis in chil- 
dren, lists many references describing these 
direct changes, which resemble oniy superfi- 
cially the lesion studied here.** Species 
variation may possibly explain this discrep- 
ancy. Our kidney weights, although variable, 
as well as the histology of the lesion, do not 
support the thought that we are dealing with 
a small contracted organ. 

In this series of experiments blood pres- 
sure was measured in only a small sample 
of animals.'' The heart-weight data suggest 
that hypertension may be widespread fol- 
lowing irradiation under these conditions. 
The increased heart size of those irradiated 
animals without nephrosclerosis as well as 
those with the renal lesion supports the con- 
cept that hypertension is not limited to those 
animals with histologically demonstrable 
renal disease. Blood pressure measurements 
from more recent studies have demonstrated 
hypertension in irradiated rats without evi- 
dence of nephrosclerosis.*7 The time rela- 
tionship between the onset of hypertension 
and the first appearance of this renal damage 
needs to be clarified. 

The partial protective influence of hypoxia 
against the lethal effects of total-body ir- 

radiation are now well established.? Whether 
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or not this protective effect is also active in 
preventing the late sequelae of irradiation 
has not been so clearly determined. Our 
data offer only limited opportunity for com- 
paring the prevalence of tumors and nephro- 
sclerosis after radiation delivered in either 
hypoxic or normal atmospheric conditions 
at both the 250 r and 500 r levels. No final 
conclusions may be drawn from these ob 

servations, but the few comparisons available 
favor the view that the hypoxic state during 
radiation exposure has not substantially in 

fluenced the eventual development among the 
survivors of stigmata of irradiation damage. 
The mechanisms of radiation injury re- 
sponsible for the acute illness and the late 
effects appear to differ at least to the extent 
that hypoxia influences the former more than 
the latter. Insight into the complexity of 
the problem is further revealed by the in- 
fluence of a fractionated dose compared to 
a single exposure upon the appearance of 
late manifestations. While the incidence of 
tumors in mice and possibly in rats appears 
accelerated after fractionation, a protective 
effect is possible in the reduced incidence of 
nephrosclerosis in the rats of this report. 
This duality suggests that more than one 
enzyme system or metabolic pathway has 
been altered in the course of the radiation 
exposure, 


Summary 


Late sequelae following 250 to 1600 r 
total-body x-irradiations delivered under 
conditions of 5% and 20% oxygen to young 
female Wistar rats were studied. After 
doses of 500 r in either 5% or 20% oxygen 
the onset of tumors was accelerated, the 
first multiple and malignant tumors being 
observed at five and one-half months post- 
irradiation. In the nonirradiated control rats 
neoplasms were absent prior to the 13- to 
18-month period, and multiple tumors did 
not appear prior to 18 months, 

Benign tumors of the ovary appeared in 
8 of 139 irradiated rats and were not ob- 
served in controls. Lymphomas and pituitary 
tumors were not significantly increased by 
irradiation under these conditions, 
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Preliminary observations based on a very 4. Berg, B. N., and Harmison, C. R.: Blood 

small number of animals suggest that an Pressure and Heart Size in Aging Rats, J. 
P Gerontol, 10:416, 1955. 

800 r dose in two 400 r exposures may have “spond DA, and Dock, W.: Experimental 

produced a greater tumor-accelerating Cardiac Hypertrophy 

in Rats, Arch. Int. Med. 56:511, 1935. 

A radiation dose dependent nephrosclero- __ Henshaw, P. S.: Leukemia in Mice Following 
sis was prevalent in Wistar and hybrid Exposure to X-Rays, Radiology 43:279, 1944. — 
is. After 7. Upton, A. C,, and Furth, J.: Induction of 
irradiated rats but not in the controls. Tumors by Means of Irradie- 
an inversely dose-dependent latent period tion, Proc. Soc. Exper, Biol. & Med. 84:255, 1953. 
a high incidence appeared 13 to 18 months 8. Upton, A. C., and Furth, J.: Spontaneous 
and 7 to 12 months after 800 and 1000 r, and Radiation-Induced Pituitary Adenomas of 
respectively. Rats surviving only 60 days J. Nat. Inst. 
after 1400 r showed no histologic evidence D , Lorenz, E. : Some Biologic Effects of Long 

rat Continued Irradiation, Am. J. Roentgenol. 63 :176, 
of renal injury. 1950. 

10. Lorenz, E.; Heston, W. E.; Deringer, M. K., 
failed to protect against the later develop- and Eschenbrenner, A. B. ; Increase in Incidence of 
ation of the dose in a small group of Cancer Inst. 6:349, 1946. 

11. Lorenz, E.; Holleroft, J. W.; Miller, E.; 
Congdon, C. C., and Schweisthal, R.: Long-Term 
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I. Survival and Tumor Incidence Following 
groups frequently showed a nodular vacuo- Chronic Irradiation of 0.11 r per Day, J. Nat 


Cancer Inst. 15:1049, 1955 
rats of the same age. 12. 


than the comparable single exposure. 


Hypoxia during radiation exposure 


animals may have exerted a_ protective 
influence. 


lation that was rarely seen in nonirradiated 


Brecher, G.; Cronkite, E. P., and Peers, 
Kidneys and hearts of irradiated and J. H.: Neoplasms in Rats Peotected Against 
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larger than kidneys and hearts from ir- Chap. 12. 


radiated rats without nephrosclerosis. 14. Koletsky, S., and Gustafson, G. E.: Whole- 
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Cardiovascular Stress 
ROBERT C. AHLVIN, M.D., St. Louis 


Experimental studies have shown that the 
administration of streptococcal proteinase, 
one of the enzymes produced by Group A 
hemolytic streptococci, will cause focal myo- 
carditis when injected intravenously into 
rabbits, mice, and guinea pigs.’ Extracts of 
papain, a similar proteolytic enzyme,* have 
also been shown to produce cardiac lesions 
of the same character in these animals.* 
The focal myocardial lesions usually com- 
prise minute areas of necrosis, with inflam- 
matory cell infiltrates randomly scattered 
through the atrial and ventricular muscle.’ * 
The purpose of this study was to extend the 
observations of the effects of intravenously 
administered proteolytic enzymes to a differ- 
ent animal species. The dog was chosen 
for study because of its larger size and its 
extensive use in other types of cardiovascu- 
lar investigation and because it is less likely 
to develop delayed forms of hypersensitivity 
reactions. The dogs were given injections 
of papain, the proteinase of which closely 
resembles the streptococcal proteinase pro- 

duced by some strains of Group A strepto 

cocci.” Papain is a powder derived from 
the dried latex of Carica papaya and has a 

molecular weight of 20,344. It has been 


widely employed as a meat tenderizer. 
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Myocarditis and Valvulitis in Dogs Subsequent to 


BRENT M. PARKER, M.D.; WILBUR A. THOMAS, M.D.; JOHN R. SMITH, M.D., and 


Method 


Healthy mongrel dogs were selected for the ex- 
periments. An extract of papain was prepared by 
the method of Kellner and Robertson.’ Five grams 
of papain was added to 100 ml. of 0.9% saline, and 
the solution was filtered. Before use the extract 
was examined for proteolytic activity by testing 
its ability to coagulate milk.* It was stored at 4 C 
for no longer than three weeks. The substance was 
administered. intravenously, usually after the dogs 
were given light pentobarbital sodium anesthesia, 
to avoid the discomfort that often occurred in 
unanesthetized animals immediately following the 
injections. Four dogs were given 0.75 to 0.99 ml. 
of the extract per kilogram of body weight; eleven 
animals received 1.0 ml. per kilogram of weight, 
and two dogs were given 1.1 and 1,2 ml. per kilo 
gram. Most of the animals were killed or died 
within 48 hours after treatment. Two additional 
dogs received 0.15 and 0.17 ml. of extract per kilo- 
gram of weight each day for 10 days. 

In ar attempt to study the effects of papain under 
the conditions of increased circulatory “stress,” 
which may occur in severe streptococcal infections, 
a group of 10 dogs was subjected to injections of 
amphetamine sulfate (10 to 30 mg. intramus- 
cularly) in addition to the usual dose of papain. 
Control experiments for this series included seven 
dogs that received the same or somewhat larger 
doses of amphetamine only. All of the surviving 
animals were killed in 24-48 hours 

To evaluate further the effects of substantial 
increases of circulatory load upon the production 
of cardiac lesions from the proteolytic substance, 
an additional series of observations was made. In 
12 healthy dogs, large femoral arteriovenous 
fistulae were constructed and were permitted to 
function from a few hours to 170 days before 
removal of the heart for microscopic examination. 
In a parallel series of 12 animals, papain extract 
(0.5-1.0 ml. per kilogram weight) was administered 
intravenously immediately after completion or 
within several days of the establishment of large 
arteriovenous fistulae 


However, the arteriovenous 
communications functioned only 


eight of the treated dogs. 


transiently in 
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MYOCARDITIS AND VALVULITIS .« 


Fig. 1—A portion of 
the myocardium from a 
dog receiving papain. A 
myofiber heavily  infil- 
trated by inflammatory 
cells and showing coag- 
ulative necrosis below a 
more  normal-appearing 
myofiber. Hematoxylin 
and eosin; reduced 1/7 
from mag. << 2000. 


The hearts from 15 nornial dogs were studied 
to exclude the presence of spontaneous cardiac 


lesions. 

The hearts from all of the experimental animals 
were removed as soon as possible after death and 
were fixed in 10% formalin. Each was inspected 
grossly for anatomic changes, and blocks from 
each valve and both atria and ventricles were taken 
for microscopic study. Sections were stained with 
hematoxylin and eosin, and selected specimens were 
stained with aldehyde fuchsin, Van Gieson, periodic 
acid Schiff, phosphotungstic acid-hematoxylin, and 
von Kossa’s stain for calcium. No tissues other 
than the heart were examined microscopically. 


Results 
The anatomical changes in the hearts were 
qualitatively similar in all of the experi- 
mental groups. 

Description of the Cardiac Lesions.—No 
specific gross abnormalities of any of the 
hearts were noted, although a few of the 
mitral valve leaflets with microscopic evi- 
dence of inflammation appeared slightly 
thickened. The histologic changes were 
limited to the myocardium and valves. 

The myocardial lesions (Figs. 1-4) were 
characterized by focal necrosis of the muscle 
fibers with infiltrates of neutrophils, histio- 
cytes, lymphocytes, and Anitschkow myo- 
cytes. Some of the involved areas contained 
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AFTER CARDIOVASCULAR STRESS 


calcium, which, when present, was usually 
scattered diffusely through a single necrotic 
fiber. “Fibrinoid” was not observed in any 
of the hearts. The focal lesions occurred 
in the atrial and ventricular myocardium, 
with no apparent reference to the blood 


Fig. 2.—Necrotic myofibers and inflammatory 
cells from the heart of the same animal shown in 
Figure 1. Hematoxylin and eosin; reduced 1/4 


from mag. x 400. 
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Fig. 3.—A small focus 
of myocarditis from a dog 
with bilateral femoral 
arteriovenous fistulae. 
Hematoxylin and eosin; 
reduced 1/7 from mag. * 
2000. 


vessels. The foci were irregular in shape 
and were smaller thar 1 mm. in greatest 
diameter. 


number of inflammatory cells was present, 
and in others the infiltrate was extensive, 
with hundreds of neutrophils appearing in 
Valvular inflammatory changes (Figs. a single section. Occasionally the entire 
5-7) were noted particularly in the mitral valve leaflet was involved, but more com- 
leaflets and were characterized by an inter- monly the cellular reaction was confined 
stitial infiltrate consisting predominantly of to the basilar portion. 
neutrophils, with a few lymphocytes and cells extended to 
histiocytes. 


The inflammatory 
the endocardium only 
rarely, and cellular aggregates producing 


In some valves only a small 


Fig. 4—A_ focus of 
myocarditis in an animal 
to which papain had been 
administered. Hematoxy 
lin and eosin; reduced 
1/7 from mag. 900 
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Fig. 5.—A portion of the mitral valve, showing 
acute interstitial valvulitis in a dog that had been 
given papain and amphetamine (Benzedrine) 
Hematoxylin and eosin; reduced 1/5 from mag 


x 100 


verrucae were entirely absent. The aortic 
valve was involved in addition to the mitral 
in one instance (a dog that had an arterio- 
venous fistula but no papain), and all four 
valves showed similar histologic changes in 
another heart (a dog that had received 
papain only). Erythrocytes were not dem- 
onstrated in the mitral, pulmonic or tri- 
cuspid valves, but a few were seen in one 
of the aortic valves with valvulitis. We did 
not observe “fibrinoid,” multinucleated giant 
cells, micro-organisms, calcium, abnormal 
pigments, hemorrhage, or necrosis within 
the valves. 
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Fig. 6.—A higher magnification of an area of 
the valve in Figure 5. The inflammatory cell in- 
filtrate consists largely of neutrophils. Hematoxylin 
and eosin; reduced 1/5 from mag. * 600 


Incidence of Cardiac Lesions from Papain 
Injections.—Of the 17 dogs that received 
papain extract without additional proce- 
dures, 7 were noted to have scattered focal 
myocardial lesions on microscopic examina- 
tion. One of these animals, that had re- 
ceived 1.0 ml. of extract per kilogram of 
weight and was killed after 48 hours, ex- 
hibited the interstitial mitral valvulitis co- 
existent with focal myocarditis. Another 
dog showed mitral valvulitis alone. There 
were no lesions of either kind in the hearts 
of the two animals that received multiple 
small injections of papain or in two other 


Fig. 7.—A_ section of 
the mitral valve, demon- 
strating interstitial valvu- 
litis in an animal that had 
femoral arteriovenous 
fistulae without papain ad- 
ministration. Hematoxy- 
lin and eosin; reduced 
1/7 from mag. 400 
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Taste 1.—The Incidence of Focal Myocardial Lesions and Valvulitis in the Various 
Experimental Groups 
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Material 


No. Positive Positive, 
Injected of Dogs % 
Papain 17 


Papain + 
amphetamine lo 6 oO 


Normal controls 15 0 0 


Amphetamine 
only, eontrols 7 0 


istulae only 


Vistulae + papain 


Focal Valvulitis 
Valvulitis M yocarditis Plus Focal Negative 
Alone Alone M yocarditis 
1 6 1 9 


dogs given three injections each in the usual 

dosage range. The hearts of the 15 control 
animals (no papain administration) were 
normal (Table 1). 

Myocardial and \alvular Changes Pro- 
voked by Papain and Amphetamine Sulfate. 

The 10 dogs that had been treated with 
amphetamine sulfate in addition to papain 
exhibited microscopic cardiac lesions in six 
instances. Two of the hearts showed mitral 
valvulitis alone. One specimen showed both 
mitral and aortic alterations; in two hearts 
there was scattered focal myocarditis, and 
the heart of one animal displayed focal 
myocarditis together with mitral valvu- 
litis. The seven control dogs treated with 
amphetamine without papain were normal 
(Table 1). 

In general, the hearts of the papain- 
treated animals showed the pathologic 
changes infrequently when examined 24 
hours after treatment; the lesions were more 
numerous in instances of survival to 48 
hours after treatment (Table 2). In addi- 
tion, larger doses of papain appeared to 
invoke the lesions more consistently than 
smaller doses (Table 3). 

Effects of Arteriovenous Fistulae upon 
Production of Inflammatory Cardiac Le- 
sions, With and Without Papain.—Twelve 


Tapie 2.—Relative Frequency of Cardiac Lesions 
Found at Autopsy in Dogs Treated with Papain 


Autopsy, Hr. Cardiac No Cardiac 
After Injection Lesions 

2 

4s 2 


dogs with arteriovenous fistula, functioning 
temporarily or for longer periods, received 
injections of papain extract and were killed 
in 24-48 hours. The hearts of four of these 
animals exhibited microscopic abnormalities, 
and in two of these myocardial and valvular 
lesions were coexistent. However, in the 
group of 12 dogs that had functioning ar- 
teriovenous shunts but were not given 
papain extract, the hearts of 4 showed 
mitral interstitial valvulitis indistinguishable 
from that in the papain-treated animals. In 
one of these hearts there was coexistent 
focal myocarditis. Interestingly enough 
there appeared to be little difference in the 
incidence of cardiac lesions between the 
animals with arteriovenous fistulae alone 
and those in which papain was administered 
in addition to the shunt. It is true that the 
dogs of this group receiving papain were 
sometimes given less than the usual amount 
of 1.0 ml. per kilogram of weight. Simi- 
larly, in a number of these dogs patency of 
the arteriovenous tract was spontaneously 
terminated after papain administration. 
These factors may have contributed, in part, 
to the similar incidences of the lesions in the 
contrasting experimental groups. 


TasLe 3.—Dosages of Papain Solution in Relation 
to the Appearance of Cardiac Lesions at Autopsy 


Dose of Papain, Cardiac No Cardiac 
ML/Kg. Lesions 
0.5 0.75 1 2 
0.75-0.9 
10 7 5 
1.1 -1.2 2 0 
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0 0 0 15 
12 6 3 2 1 6 
. 
12 ‘ 1 1 2 
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Toxicity of Papain—-When the papain 
solution was administered to unanesthetized 
animals, vomiting, defecation, excessive sali- 
vation, and weakness were frequently evi- 
dent. Several dogs developed bloody 
diarrhea before death, possibly due to the 
lowered coagulability of the blood induced 
by papain.® It should be emphasized that 
nearly one-half of the dogs subjected to 
treatment with papain extract in the de- 
scribed dosage died within 24 hours. 


Comment 


Our data indicate that random foci of 
myocardial necrosis may be induced in dogs 
by the intravenous administration of an 
extract of papain. These foci have the char- 
acteristics of myocardial lesions noted in 
rabbits treated with papain, ficin, or proteo- 
lytic substances of Group A hemolytic strep- 
tococci, specifically, streptococcal proteinase 
and streptokinase.’ * 


In their observations of the effects of 
papain and streptococcal proteinase on rab- 
bits, Kellner and Robertson'* suggested 
that the focal lesions of the cardiac muscle 
represent a direct action upon the tissues by 
these enzymes. Schwab, Watson, and Cro- 
martie * found that focal myocarditis may 
be produced in rabbits when they are given 
a “reduced” culture filtrate from Group A 
hemolytic streptococci following the previ- 
ous injection of an extract of streptococcal 
skin lesions. These authors believed that 
the active factor in the “reduced” filtrate 
was the enzyme streptolysin O. Glaser, 
Thomas, Morse, and Darnell? described 
the occurrence of similar myocardial lesions 
in rabbits inoculated with Group A hemo- 
lytic streptococci in the tonsillar area. Since 
the cardiac changes developed within 24 
hours after infection, these authors sug- 
gested that an “allergic” mechanism was 
probably not involved and that the patho- 
logic changes might be due to proteolytic 
enzymes elaborated during the growth of 
the organisms. In our study, the myocardial 
lesions also appeared within one or two days 
after treatment with papain. Although focal 
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myocarditis generally occurred more fre- 
quently in animals at autopsy 48 hours after 
exposure to papain, the same pathologic 
alterations were noted as early as 12 or 24 
hours after these injections. 

The discovery of interstitial mitral valvu- 
litis in certain of our dogs was rather unex- 
pected. These lesions were found in the 
dogs that had received papain only and 
papain with amphetamine and in the animals 
with arteriovenous fistulae with or without 
papain administration. No interstitial valvu- 
litis was encountered in numerous control 
and amphetamine-treated dogs. The valvu- 
litis observed in these dog hearts differed 
to some extent from the valvular lesions 
noted by other observers in rodents. Kellner 
and Robertson '* did not find valvulitis in 
their papain-treated rabbits, although two 
developed focal endocardial changes at the 
bases of the tricuspid valve leaves following 
the administration of streptococcal protein- 
ase. These lesions were verrucal and histo- 
logically were composed of small collections 
of lymphocytes and monocytes. Several 
investigators have described connective tis- 
sue alterations, mononuclear cell infiltrates, 
or deposits of fibrinoid material in the car- 
diac valves of rodents assaulted with for- 
eign proteins, bacterial organisms, or 
endotoxins.** 

Although it is known that papain is in- 
tensely antigenic in man and animals and 
that a variety of hypersensitivity reactions 
may occur following its use,” the occur- 
rence of myocardial and valvular lesions in 
the series of animals with arteriovenous 
communications where papain extract was 
not administered and the rapid appearance 
of changes in papain-treated dogs suggested 
that the lesions did not arise from hyper- 
sensitive response. It appeared more logical 
to account for these phenomena on the basis 
of nonspecific reaction of the tissue, either 
to the substance itself or to the general 
dynamic stress of the heart from the use 
of the material. 

Because of the development of focal 
myocarditis and valvulitis in dogs after 
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papain injections, it is tempting to assume 
as others have done that the lesions are the 
direct result of the action of the proteolytic 
enzyme upon the tissues. 

However, it is equally possible that the 
myocardial and valvular changes were en- 
tirely nonspecific, rather than due to en- 
zymatic activity. In favor of this view is 
the fact that dogs with arteriovenous fistulae 
developed valvular and myocardial altera- 
tions apparently identical to those occurring 
in the animals treated with papain. Davis, 
Brunson, and Fehr'? found that carotid- 
jugular shunts in rabbits can provoke myo- 
cardial and valvular changes consisting of 
cellular reactions, hemorrhage, muscle ne- 
crosis, and fibrinoid deposition. Gowdy, 
Martin, Kerby, and Sealy** described 
valvular edema and hemorrhage occurring 
six hours after the construction of large 
arteriovenous fistulae in dogs. These au- 
thors believed that the lesions occurred at 
the points of greatest duress of the heart 
structures—on the valve leaflets, chordae 
tendinae, and papillary muscles, Therefore, 
it appears possible that the prevalence of 
the lesions in the mitral valves in our ex- 
periments resulted from the greater pres- 
sure and stress to which this moving 
structure is subjected.’®"* In addition, focal 
myocarditis, resembling the lesions in our 
animals, has been noted following the ad- 
ministration of fluoroacetate or Plasmocid 
(8-|3-diethylaminopropylamino|-6 meth- 

oxyquinoline meningococcal endotoxin," 


foreign protein,'® desoxycorticosterone ace- 
tate,” streptococcal and virus infection **! 
and in rabbits surviving anaphylactic shock 
resulting from peptone and_histamine.** 
Therefore, it appears that a number of 
toxins and stressing agents (without en- 
zymatic activity) can provoke cardiac dam- 
age of the general type exhibited by our 
animals. That the toxic effect of papain is 
indeed severe is demonstrated by the fact 
that the doses used were 


fatal to almost 
one-half the dogs. The mechanism of death 
due to papain is not known. 


However, in 
two anesthetized dogs we observed a sus- 
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tained hypotension for one hour after in- 
jection of the extract. It is possible that 
shock contributed to the death of the ani- 
mals as well as to the production of the 
lesions in those that survived. 

It is not possible to relate the results of 
these experiments directly to rheumatic car- 
ditis. Specific myocardial and valvular le- 
sions of rheumatic type were not observed, 
although lesions which were comparable to 
the nonspecific changes of rheumatic fever 
were frequently evident. It is especially 
interesting that a species difference between 
the rabbit and the dog concerning their 
reactions to a given proteolytic enzyme has 
been revealed. Therefore, the tissues of 
man may react in still a different manner. 
It is perhaps reasonable to suggest that the 
stress effects imposed by fever and toxemia 
which frequently accompany infections with 
B-hemolytic streptococci may induce inter- 
stitial valvulitis and focal myocarditis as 
steps in the genesis of typical rheumatic 
lesions. 


Summary 


Focal myocarditis and interstitial mitral 
valvulitis were observed in dogs following 
the intravenous administration of extracts 
of papain. 

Similar myocardial and valvular lesions 
were observed in dogs with temporary or 
permanent arteriovenous fistulae, with or 
without papain treatment. 

The effects of the papain may be due to 
direct enzymatic action on the cardiac struc- 
tures or to nonspecific cardiovascular stress. 


Department of Medicine, Barnes and Wohl Hos- 
pitals, 600 S. Kingshighway (10) 
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Phenomenon 


The local Shwartzman phenomenon, a 
focus of cutaneous hemorrhagic necrosis, 
was first reported in 1928.' It was produced 
by an initial intradermal preparation of the 
rabbit with bacterial toxin and provoked, 
approximately 24 hours later, by an intra- 
venous injection of the same or another 
bacterial toxin. 

The “generalized Shwartzman phenome- 
non” was described by Apitz, in 1934.7 It 
is characterized, in the rabbit, by bilateral 
renal cortical necrosis and is elicited by two 
intravenous injections of bacterial toxins 
given about 24 hours apart. Both the local 
and the general forms have been consistently 
reproduced. The mechanisms by which 
these severe lesions, evoked by means of 
immunologically unrelated bacterial and 
nonbacterial products, are produced are as 
yet not fully understood. 

Since it has been speculated that the 
Shwartzman phenomenon may play a role 
in precipitating or amplifying some forms 
of acute glomerulonephritis,* 
to investigate the nature 
Shwartzman reaction 


it was decided 
of the 
in the kidney. 
Shwartzman! recorded the production of 


local 


extremely severe hemorrhagic and 
necrotic lesions of the cortex and medulla” 
of the left kidneys of five rabbits. He in- 
jected “agar washings” of Salmonella ty- 
phosa (Bacillus typhosus) into the artery 
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The Failure to Produce a Local Renal Shwartzman 
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of each of these kidneys after clamping the 
corresponding renal vein. The clamps were 
removed five minutes after completion of the 
injection. As controls the right kidneys were 
inoculated with phenolized isotonic saline 
solution, with use of the same procedure as 
on the left. Twenty-four hours later a 
second injection of S. typhosa “agar wash- 
ings” (provocative injection) was given via 
the marginal ear The absence of 
lesions on the right and their regular ap- 
pearance in the left kidneys was interpreted 
as proof of the susceptibility of the kidney 
to Shwartzman toxin in the sense of a local 
phenomenon. 


vein. 


“No systematic histological 
studies were made at the time of the ex- 
periment.” 


It is apparent the evidence supporting the 
assumption that the kidney of the normal 
rabbit is capable of reacting to Shwartzman 
toxin in the sense of a local phenomenon ts 
incomplete. 


Materials 


In the following experiments two bacterial toxins 
were used: the first was obtained by washing 
Neisseria meningitidis (meningococci) from the 
surface of Mueller-Hinton medium (Difco) with 
isotonic saline solution after 24 hours of incubation. 
The washings were heated to 56 C for 10 minutes 
and then exposed to a sonic disintegrator. After 
centrifugation at 4000 rpm for 10 minutes the 
clearer upper layer was pipetted into sterile stop- 
pered bottles, which were stored in a Deepfreeze 
chest (-—-30 C). This material successfully pre- 
pared the skin of some rabbits for the local 
Schwartzman phenomenon in a dose of 0.05 cc. at 
a dilution of 1:128. The cutaneous Shwartzman 
reaction was provoked by an intravenous injection 
of 1.0 cc, of the same undiluted lysate 

The second bacterial toxin used was a purified 
polysaccharide (lot No. P25) derived from Ser- 
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Renal Artery 


Preoperative 
Rabbit No. 


* Undil eal lysate used throughout. 
SR 33, 28, 29 are control animals. 
t + indicates the appearance, 


presence in kidney of hypoxic injury or in the heart of acute myocardial necrosis; 0 marks the omiss 


travenous provocation for the Shwartzman phenomenon. 


Taste 1.—E «periment 


Skin Preparation; Preparation, Ce. Provocation, Ce. 
A. Renal Vein Occlusion 


Ear Vein Experimental Control 


idney? Kidney? Heart! 


E.LLS§ 
+> 


0 + 


Se 


indicates the absence, in the respective columns, of 4 Shwartzman aye + mem in the skin,t io 


of skin preparation or in- 


' E.1.1. indicates erythematous ischemic infarction; R.C.N., renal cortical necrosis. 


ratia marcescens grown on a synthetic medium.* 
This was dissolved in isotonic saline solution and 
likewise stored in sterile stoppered bottles in the 
Deepfreeze chest. The polysaccharide, lot No. 
P25, is capable of regularly preparing rabbit skin 
in doses of 50y when provoked with 400y of the 
same substance.‘ It was utilized because of the ease 
and accuracy of dosage and its purity as contrasted 
to the crude but nonetheless effective meningococcal 


toxin. 


Methods 


New Zealand white rabbits of both sexes were 
used in all experiments. The abdominal hair was 
clipped, and a midline laparotomy was performed 
with intravenous pentobarbital (Nembutal) induc- 
tion and open ether anesthesia. After the left renal 
artery and vein were freed from the surrounding 
fat, one of several procedures was carried out. 

In Experiment IA (Table 1) the renal vein was 
clamped and meningococcal lysate injected into the 
renal artery, as in Shwartzman’s original experi- 
ment, the clamp being removed from the vein after 
five minutes. 

In experiment IB the clamp was placed on the 
left renal artery and the lysate inoculated distal 
to it into the artery (Table 1), the clamp again 
heing removed five minutes after completion of 
the injection. 


*S. marcescens polysaccharide lot No. P25 was 
obtained through Dr. M. J. Shear, Chief of 
Chemotherapy Section, National Cancer Institute, 


Bethesda, Md. 
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Left renal artery ligated and divided 10 min. after removal. of clamp. 


The third experiment, (Table 2, Experiment 
ILA), consisted in clamping the left renal artery 
and vein then inoculating a solution of S. marces- 
cens polysaccharide into the kidney via the artery 
beyond the clamp. The clamps were kept in place 
for 20 minutes in some rabbits and for 10 minutes 
(Experiment ITB) in others. 

As controls, in all cases, the corresponding right 
renal vessels were clamped in identical fashion and 
for like periods. 

In most instances provocation of the Shwartz- 
man phenomenon was attempted by an inoculation 
via the marginal ear vein with the same toxin used 
in preparation, from 18 to 24 hours after intra 
renal artery preparation. 

The ability to react to Schwartzman toxin was 
tested by preparing the skin with an intradermal 
injection of the bacterial toxin 24 hours prior to 
the renal artery injection. The renal inoculation 
was, therefore, considered as provocatory for the 
skin reaction and preparatory for the kidney. 


Results 


In Table 1 are listed the 18 rabbits of the 
first experiment. Each had had the left kid- 
ney prepared with meningococcal lysate via 
the renal artery. The renal circulation was 
partially blocked in the animals of group 
1A by clamping the renal vein just prior to 
inoculation and maintenance of the obstruc- 
tion for five minutes after the injection, 
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8R 33 0.5 0 0 + 
SRM» + 0.5 0 0 
SR 35 0 0.5 0 + 
SR 37 0.5 1 
SR 3s 0.5 0.75 + 0 + 2 
B. Renal Artery Occlusion 
05 0.75 t 
SR 22 0.5 0.75 
SR 23 0.5 0.75 + + 
SR + 05 0.75 0 + 
SR 25 + 0.5 0.75 0 + 7 ge 
SR 26 05 0.75 E.L1. + 
SR 0.5 0.75 0 + 
SR 28) 0 0.5 0 + 
SR 2 0 0.5 0 E.L.1. 
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Fig. 1.—Rabbit SR 28. Erythematous ischemic 
infarction of experimental (Exp.) kidney produced 
by intrarenal artery preparation with meningococcal 
toxin, followed by its ligation and division. No 
provocatory injection was given. The animal was 
killed 48 hours later. 


Shwartzman in his original experiment.’ 
This was the procedure followed by 
The same aim was sought in the rabbits of 
Group IB by clamping the renal artery for 
a like time in a like manner. All rabbits 
were killed 24 hours after the aural pro- 
vocative injection. 

The left (experimental) kidneys of four 
rabbits (SR 33, 36, 22, and 26) presented 
a swollen pale-red appearance. Upon sec- 
tioning (Fig. 1), they revealed an intensely 
hemorrhagic medulla and a less hemor- 
rhagic cortex. Close inspection of the renal 
artery injection sites uncovered thrombotic 
occlusions in all four vessels. Histologically, 
(Fig. 2) the changes pathognomonic of 
ischemic infarction were readily recognized : 
a narrow zone of polymorphonuclear leuko- 
cytic exudate demarcating the most super- 
ficial area of the cortex from the remainder 
of the kidney. This narrow zone of sur- 
viving subcapsular cortex is believed to re- 
sult from collateral circulation entering from 
the capsular vessels. The remainder of the 
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SR 11 
tion. The photomicrograph shows the cortical poly- 


Fig. 2. Erythematous ischemic infarc- 


morphonuclear leukocytic zone of demarcation 
The glomerular loops are filled with blood, and 
the intertubular capillaries likewise congested, The 
tubular epithelium and glomeruli are necrotic 


kidney was necrotic. Differentiating the 
lesion from simple ischemic infarction was 
the presence of packed erythrocytes distend- 
ing the intertubular capillaries; these like- 
wise filled the glomerular loops. We named 
this lesion “erythematous ischemic infare- 
tion.” 

This lesion seemed to correspond to the 
hemorrhagic and necrotic lesions of the cor- 
tex and medulla described as a renal (local) 
form of the Shwartzman phenomenon.’ It 
appeared rather odd that only those kidneys 
in which the renal arteries were occluded 
by thrombi should have developed the 
lesion; therefore it was decided to compare 
“erythematous ischemic infarction” with 


simple renal ischemic (arterial) and hemor- 
rhagic (venous) infarction. The left renal 
arteries of two rabbits were ligated and 
severed, and in two other animals the left 
renal vein was similarly treated. Forty-eight 
hours later the animals were killed and the 
kidneys examined (Fig. 3). 


The simple 
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Fig. 3.—The upper halves represent 


ischemic infarction. The middle kidney is normal, 
and the lower is an example of hemorrhagic in- 
farction caused by ligation and division of the 
renal vein, The last is characterized by marked 
swelling and hemorrhage, while the ischemic in- 
farcted kidney, when contrasted to the normal, 
shows slight swelling and some injection of the 
medulla. 


“ischemic infarction” was characterized by 
a swollen pale kidney in which the medulla 
was congested. Histologically (Fig. 4) there 
was a zone of polymorphonuclear leukocytic 
reaction demarcating a more or less viable 
layer of subcapsular cortex from the re- 
maining uniformly necrotic kidney. The 
glomerular loops were empty, and there was 
no apparent separation of the tubules by 
edema or congestion except in the medulla. 
In contrast, renal venous hemorrhagic in- 
farction (Fig. 3) was characterized, extern- 
ally, by a swollen hemorrhagic appearance. 
On section both the cortex and, especially, 
the medulla were hemorrhagic. Histo- 
logically (Fig. 5) the medullary interstitial 
tissue was the seat of marked extravasation 
of erythrocytes. The intertubular and 
glomerular capillaries were distended with 
blood. The glomeruli and tubules showed 
varying degrees of damage from severe 
cloudy swelling to frank necrosis. The 
necrotic areas were scattered among the less 
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Sa 

Fig. 4.—SR 11. Ischemic infarction; the section 
is through the control kidney, whose renal artery 
was found obstructed by thrombus at the clamping 
site. Characteristic is the cortical zone of poly- 
morphonuclear leukocyte demarcation. The glo- 
merular loops are empty, as are the intertubular 


capillaries. The tubular epithelium and glomerular 
cells are all necrotic. 


severely damaged elements of the paren- 
chyma. There was a discontinuous periph- 
eral cortical zone of polymorphonuclear 
leukocytic demarcation, 

It became apparent that the erythematous 
ischemic necrosis of the four experimental 
animals (SR 33, 36, 23, and 26) possessed 
some of the characteristics of both ischemic 
and hemorrhagic infarction. Since one of 
the four rabbits (SR 33) had not received 
an intravenous provocative injection, it 
seemed reasonable to assume that the lesion 
was not a Shwartzman phenomenon but an 
expression of vascular injury due to the 
meningococcal toxin compounded by the ir- 
reversible damage caused by the renal artery 
thrombosis. 

To test this hypothesis, two rabbits (Ex- 
periment IB, SR 28 and 29) were inocu- 
lated with meningococcal toxin via the left 
renal artery. Ten minutes after removal of 
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Fig. 5.—Hemorrhagic infarction (kidney in Fig 
3) is likewise characterized by a zone of cortical 
demarcation and necrosis of the renal elements. 
In addition, however, there is a very prominent 
packing of all vessels and glomerular loops with 
red blood cells, as well as interstitial extravasation 


the bulldog clamps from the renal arteries, 
following which apparently good circulation 
was seen to return to the kidneys, the vessels 
were ligated. No intravenous provocation 
was attempted. Both animals were killed 
and autopsied 48 hours later and were found 
to have developed typical “erythematous 
ischemic infarction’ of the experimental 
kidneys (Fig. 1). 

Since none of the four control animals 
(SR 33, 34, 28, and 29) were provoked with 
Shwartzman toxin and three of these de- 
veloped renal “erythematous ischemic in- 
farction,” one (SR 33) with unintentional 
thrombosis and two (SR 28 and 29) with 
ligation of corresponding renal arteries, it 
appeared that the above hypothesis in ex- 
planation of this unusual renal lesion was 
established. This gained further confirma- 
tion when rabbit SR 11 (Table 2, Experi- 
ment ITA) developed erythematous ischemic 
infarction of the left (experimental) and 
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simple ischemic infarction of the right kid- 
ney; both renal arteries were occluded by 
thrombi. 

In Table 2 are shown data on 16 rabbits 
subjected to essentially the same treatment 
as those noted in Table 1, with some modi- 
fications. Perhaps the most important dif- 
ference was the occlusion of both the renal 
artery and vein just prior to preparation 
with a purified polysaccharide of S, mar- 
cescens. The renal vessels of the eight ani- 
mals of Experiment ITA (SR 1 through 11) 
were clamped for 20 minutes, and those in 
Experiment ITB (SR 12 through SR 19), 
for only 10 minutes after the preparatory 
inoculation. In each instance the vascular 
pedicles of the right kidneys (controls) were 
clamped for an equal time but received no 
inoculum, S, marcescens polysaccharide was 
injected into the marginal ear vein about 
24 hours later in an attempt to provoke a 
“Shwartzman phenomenon.” 

In no case were lesions encountered which 
could be interpreted as a local renal Shwartz- 
man phenomenon. Animal SR 11, as men- 
tioned above, revealed ischemic infarction 
of the right (control) kidney and “ery- 
thematous ischemic infarction” of the left 
(experimental) kidney. 

Only three other animals showed signif- 
icant renal lesions, aside from tubular 
epithelial necrosis, (SR 13, 14, and 36). 
SR 14 was one of four animals in which 
toxin was injected directly into the paren- 
chyma of the left kidney. This was done 
while the vascular pedicle was occluded. It, 
as well as the other three similarly treated 
animals (SR 10, 15, and 17), showed no 
left renal change other than a purely local 
necrosis of microscopic proportions along 
the needle tract. However, in Rabbit SR 14, 
as in SR 13 and 36, the right, or control, 
kidney revealed changes characteristic of 
renal cortical necrosis (Vig. 6). These were 
the only examples of renal cortical necrosis 
encountered in the entire experiment and 
are, insofar as the available literature 
indicates, the only reported instances of ex- 
perimentally produced unilateral renal cor- 
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Fig. 6—SR 14. The experimental kidney was 
prepared by an intrarenal inoculation of 1000y of 
S. marcescens polysaccharide with the renal vas- 
cular pedicle clamped. Provocation of renal 
Shwartzman phenomenon was attempted 24 hours 
later with injection of 400y of polysaccharide into 
the marginal ear vein. Cortical renal necrosis ap- 
wared in the control kidney. The experimental 
cidney, whose renal artery was likewise patent, 
revealed no significant changes. 


tical necrosis in the presence of bilaterally 
patent The significance of 
unilateral cortical renal necrosis in the con- 
trol kidney and its absence from the experi- 


renal arteries. 


mental kidney will be discussed in another 
paper. 

In the kidneys, both experimental and 
control, noted in Tables 1 and 2 as negative 
the only gross lesion seen was moderate 
edema (Fig. 7). Histologically there was 
focal tubular degeneration and in the 
severest instances tubular necrosis. These 
changes seemed to be accentuated by the 
toxin, since they were likewise present in 
the control kidneys and appear to be identi- 
cal to those described in the literature as a 


consequence of hypoxemia.® 

The severest combined effect of Shwartz- 
man toxin and temporary anoxia caused by 
the 


occlusion of the renal artery is il- 
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Fig. 7.—SR 4. The lower kidney was prepared 
intra-arterially with 50y of S. marcescens polysac- 
charide and provoked with 100y. The swelling and 
paling of the cortex of the experimental kidney 
(lower) is clearly contrasted with the normal up- 
per right kidney. Each kidney artery was clamped 
for 20 minutes 


lustrated (big. 8) by a description of the 
experimental kidney of Rabbit SR 4 (Table 
2,A). The kidney was prepared by an intra- 
arterial injection of 50y of S. marcescens 
polysaccharide and the arterial clamp left 
in place for 20 The 
epithelium of the cortex was devastated. 


minutes. tubular 
Except for occasional segments of Henle’s 
loops, the proximal and distal convoluted 
tubules were necrotic. The basement mem- 
branes appeared, however, intact. Close to 
the corticomedullary junction some groups 
of convoluted tubules were still intact, al- 
though their cytoplasm was granular. In the 
medulla the collecting tubules were filled 
with granular casts containing nuclear frag- 
ments. The interstices contained some poly- 
morphonuclear leukocytes. The glomeruli 
showed slight thickening of capillary walls; 
exudate or thrombi 
intrarenal arteries and veins 


however, no 
present. The 
were likewise essentially unchanged. 


were 


Acute focal myocardial necrosis involving 
in different instances all chambers was 
present in 21 of 28 hearts examined. This 
lesion was first described by Apitz? as a 
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Fig. 8.—SR 4. 


Experimental kidney prepared 
with 50y of S. marcescens polysaccharide and sub- 
jected to 20 minutes of arterial occlusion. The 


coagulation necrosis of the convoluted tubules is 
depicted with little visible injury to the glomeruli. 


nonspecific response to Shwartzman toxin 
and has since been repeatedly observed. 
Since all rabbits are not uniformly suscep- 
tible to Shwartzman toxin, and indeed some 
animals are spontaneously highly resistant, 
the rabbits were tested in this respect by 
preparing the skin of the abdomen with 
Shwartzman toxin 24 hours in advance of 
the renal arterial manipulation. It was 
thought that should toxin, later introduced 
into the renal artery, remain unbound in the 
kidney or escape through collateral circula- 
tion, it might suffice to provoke a local 
cutaneous phenomenon, thus affording an 
index of the susceptibility of the animal. In 
Experiment IA and B, 7 of 15 animals thus 
treated revealed positive cutaneous reactions 
to the intrarenal artery inoculations. In all 
instances the reactions were prepared by the 
intradermal inoculation of 0.1 cc. of raw 
meningococcal lysate. Among the six ani- 
mals which developed “erythematous is- 
chemic necrosis,” two appeared as positive 
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reactors and two as nonreactors. All of the 
phenomena would be classified as mild. 


In Experiment IIA and B, 11 of 16 ani- 
mals were skin-tested with S, marcescens 
toxin. The situation was more complex here 
than in the preceding group in that four of 
the rabbits were skin-prepared immediately 
after the intrarenal artery preparation of 
the kidney. Three of the animals were pre- 
pared with 50y, the usual skin preparatory 
dose found effective, and one rabbit (SR 
10), with 100y. Provocation via the ear vein 
of both renal and cutaneous sites was at- 
tempted without success with varying dos- 
ages, one with 130y, two with 310y, and the 
fourth animal with 400y. 

In contrast to the above, when the skin 
was prepared just prior to renal preparation 
rather than after, six of seven rabbits de- 
veloped severe cutaneous Shwartzman reac- 
tions. in all cases 200y of S. marcescens 
toxin was the skin preparatory dose. 1000y 
was used for the renal preparation and 
functioned as the positive cutaneous prov- 
ocator in five animals. The other positive 
reactor was given 700y; the only nonreactor 
received 800y. Two of the reactors (SR 
14 and 15) were given their toxin directly 
into the renal parenchyma. This was done 
in the hope that an intraparenchymal inocu- 
lation might result in better “fixation” of 
the toxin, thus increasing the possibility of 
In all reactors 
the phenomenon was fully developed be 


effective renal preparation. 


fore the aural intravenous provocation of 
the kidney was attempted. 

The first 
thought, to introduce difficulties in interpret- 
ing the results of the tests. 


varying dosages seem, at 
However, both 
Gross and Ogata® independently reported 
that when rabbits were given an intravenous 
injection of Shwartzman toxin prior to 
cutaneous preparation the subsequent intra- 
venous unsuccessful. 
Later® it was demonstrated that very large 


provocation was 
doses of toxin could elicit the phenomenon, 
albeit in a milder form, despite the initial 
It would 
appear, therefore, in the light of Gross and 


intravenous injection of toxin. 
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Taste 3.—Laxperiment 111 * 


No. Rabbits Prior I. V.t Skin Prep LV. Prov.t Results 


2 
2 
1 


* All dosages in + of 8. marcescens polysaccharide, Lot P 25. 
t Intravenous inoculation of 8. marcescens polysaccharide 
t Provocation of cutaneous Shwartzman phenomenon by int 


Ogata’s work and the experience incor- 
porated in the above experiments and listed 
in Table 3 that the inoculation of Shwartz- 
man toxin, either as crude meningococcal 
lysate or purified S. marcescens polysac- 
charide, into the renal artery or directly into 
renal parenchyma acts as does an injection 
into the ear vein of the intact animal. It 
may provoke the Shwartzman phenomenon 
at cutaneously prepared sites, and when it 
precedes skin preparation it may inhibit the 
cutaneous phenomenon. This is true despite 
the prior clamping of renal vein, artery, or 
both, for periods up to 20 minutes just 
before, during, and after injection. 


Comment 

In view of the above experiences, failure 
to provoke a local renal Shwartzman phe- 
nomenon is not unexpected, Shwartzman ' 
recorded the difficulties encountered in pre- 
paring rabbit's ear via the vascular route. 
After many attempts the phenomenon was 
elicited, but only when the circulation of the 
ear was occluded at its base and the ear 
was heated to 45 C or following upon the 
previous infiltration of the occluded peri- 
venous tissue with testicular extract. 

Local Shwartzman phenomena have been 
produced in extracutaneous sites. In all 
cases, however, a nonvascular preparation 
was achieved, for example, joint synovia * 
and the pancreatic duct.” By these means 
an intimate contact of toxin with tissue was 
attained for a time comparable, perhaps, to 
that of the intradermal injection, The 
marked vascularity of the kidney may be the 
factor which precludes success in this 
respect even when inoculation is made 
directly into the renal parenchyma. 
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jor to cutaneous preparation. 
ravenous inoculation of 8. marcescens polysaccharide. 


Since it is the prevailing belief that the 
underlying mechanism in both local and 
generalized phenomena are similar if not 
identical,*"' the inability to produce a local 
kidney reaction necessitates a reexamination 
of the mechanism of the generalized 
Shwartzman phenomenon. If the kidney, 
as demonstrated, is not a proper nidus for 
the direct action of Shwartzman toxin, there 
are no grounds for considering bilateral 
renal cortical necrosis a specific tissue re- 
sponse to Shwartzman toxins. 


Summary and Conclusions 


A Shwartzman phenomenon was not in- 
duced when rabbit kidney was prepared by 
direct inoculation into the renal artery and 
provoked by either injection of the same 
toxins into the ear veins or a second renal 
artery inoculation. 

If a thrombosis of the renal artery fol- 
lows the preparatory injection a character- 
istic “erythematous ischemic infarction” of 
the organ may occur. This lesion appears 
in the absence of provocation and is not 
thought to be a local renal Shwartzman 
phenomenon. 

Despite prior clamping of the renal artery 
and vein, sufficient amounts of toxin reached 
the systemic circulation to provoke 
cutaneously prepared sites. This was seen 
even when the toxin was injected directly 
into the renal parenchyma. The ability of 
the so-called preparatory renal inoculation 
to provoke a cutaneous site was demon- 
strated, even though the renal vascular 
pedicle was clamped for as long as 20 
minutes from the time of injection. 

Preparation of the kidney prior to 
cutaneous inoculation caused inhibition of 
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the cutaneous phenomenon in a manner iden- 
tical to intravenous toxin injection prior to 
skin preparation of the intact animal. 

It is suggested that the enormous vas- 
cularity of the kidney prevents its effective 
preparation for the Shwartzman phenome- 
non. 

Since the local phenomenon could not be 
produced in the kidney, the wisdom of in- 
terpreting renal cortical necrosis as a mani- 
festation of the Shwartzman phenomenon is 
questioned. 


Department of Pathology, Cincinnati General 
Hospital (29). 


REFERENCES 


1. Shwartzman, G.: Phenomenon of Local Tis- 
sue Reactivity and Its Immunological, Pathological 
and Clinical Significance, New York, Paul B. 
Hoeber, Inc., 1937. 

2. Apitz, K.: Die Wirkung bakterieller Kultur- 
filtrate nach Umstimmung des gesamten Endothels 
beim Kaninchen, Arch. path. Anat. 293 :1-33, 1934. 

3. Black-Shaffer, B., and Silverman, S. B.: Acute 
Non-Streptococcal Glomerulonephritis—Experimen- 
tal Demonstration of a Pathogenesis, Am. J. Path. 
26 :696-697, 1950, 


Black-S chaff er—Garcia-Caceres 


4. Black-Shaffer, B.; Milam, J. W.; Brockman, 
D. D.; Coonrad, E. V., and Silverman, S. B.: 
Production of Shwartzman Phenomenon by 
Single-Injection Technic, J. Exper. Med. 91 :539- 
548, 1950. 

5. Koletsky, S.: Effects of Temporary Inter- 
ruption of Renal Circulation in Rats, A. M. A. 
Arch. Path, 58:592-603, 1954. 

6. Ogata, T.: Inhibition of the Shwartzman 
Phenomenon, J. Exper. Med. 63:59-68, 1936. 

7. Moritz, A. R., and Morley, J. D.: The 
Shwartzman Phenomenon in the Knee Joints of 
Rabbits, Proc. Soc. Exper. Biol. & Med. 29;321, 
1931. 

& Thal, A., and Brackney, E. L.: Acute Hemor- 
rhagic Pancreatic Necrosis Produced by Local 
Shwartzman Reaction: Experimental Study on 
Pancreatitis, J. A.M. A. 155 :569-574, 1954. 

9. Stetson, C. A., Jr.; Similarities in the Mecha- 
nisms Determining the Arthus and Shwartzman 
Phenomena, |. Exper. Med. 94:347-358, 1951. 

10. Thomas, L., and Good, R. A.: Studies on the 
Generalized Shwartzman Reaction: I. General 
Observations Concerning the Phenomenon, J. 
Exper. Med. 96:605-624, 1952. 

11. Good, R. A., and Thomas, L.: Studies on 
the Generalized Shwartzman Reaction: IV. Pre- 
vention of the Local and Generalized Shwartzman 
Reactions with Heparin, |. Exper. Med. 97 :871- 
R88, 1953. 


539 
or 
. 


R. MURATORE, M.D., Chicago 


In a previous report we described a 
hemolytic anemia in rabbits given injections 
of an immune serum which was produced 
in guinea pigs immunized with red cells of 
rabbits.’ 

Intravenous, intraperitoneal, intramus- 
cular, and intracutaneous routes were used 
for the injection of the immune serum. 
Anemia resulted regardless of the portal of 
injection, 

In the course of these studies it was noted 
that intracutaneous injections of the immune 
hemolytic serum into previously untreated 
rabbits regularly produced characteristic lo- 
cal cutaneous lesions, 

Lesions of this appearance and produced 
in this fashion were not familiar to us, and 
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Fig. 1.—Rabbit 163, given intracutaneous injec- 
tion of 0.1, 0.2, and 0.3 ml. of immune hemolytic 
serum. Three-day-old lesions. (Quantitative rela- 
tion between the amount injected and size of the 
lesion is evident 
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Fig. 2—Same rabbit as Figure 1, given intra- 
cutaneous injection on the other side of the abdo- 
men with 0.1, 0.2, and 0.3 ml. of normal guinea pig 
serum. Photographed three days after injection. 
No visible reaction. 


a review of the literature has so far failed 
to reveal a record of a lesion of this type. 

The purpose of this presentation is to 
describe the lesion and its development and 
course and to discuss its possible cause. 

The production and standardization of the 
anti-rabbit-red-cell heteroimmune serum and 
all other pertinent methodologic details can 
be found in a previous publication.’ 


Experimental Data 


Lesions produced by intracutaneous in- 
jections of anti-rabbit-red-cell hemolytic im- 
mune serum in the skin of normal previously 
untreated rabbits. 

Gross Changes.—After injections of 0.1, 
0.2, 0.3, 0.4, and 0.5 ml. of the hemolytic 
immune serum, yellow lesions appeared 
within 17 hours. They ranged from 5 to 
16 mm. in diameter, depending on the 
amount of serum injected. The yellow cen- 
ters were surrounded by narrow red rings 
and by a swelling ranging from 30 to 50 
mm. in diameter. The size of the lesions 
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Fig. 3.—Rabbit 282, given intracutaneous injec- 
tion of 0.3, 0.4, and 9.5 ml. of immune hemolytic 
serum. Seven-day-old lesions are still yellow but 
are covered with thick scabs 


was directly proportionate to the quantity 
of the injected serum. With the passage of 
time the swollen area became progressively 
more indurated, but the yellow centers per- 
sisted until a scab began forming, between 
the 10th and 17th days. 


Fig. 5.—Same rabbit as Figure 3. 


the skin and abscess with the purulent contents 


The 0.4 ml. 
lesion was excised on the 11th day. A section of 


Fig. 4—Same rabbit as Figure 3; 10-day-old 
lesion. Thick pus is pouring out from the central 
lesion after the scab fell off 


Removal of the scabs exposed abscess 
pockets filled with thick yellow pus. On 
cross section the abscesses appeared sharply 
circumscribed, but in some animals fistulous 
tracts developed with extension of the sup- 
puration mainly downward toward the ab- 


dominal wall. 


Fig. 7.—Rabbit 162, given injection of 0.85 ml. 
of immune hemolytic serum, A, lesion two days 
old. B, same lesion one month old. The difference 
in size between the original lesion and the scab a 
month later is impressive. 


Fig. 6.—Rabbit 280, given intracutaneous injec- 
tion of 0.2 and 0.1 ml. of immune hemolytic serum. 
Photographed 17 days after injection. Progressive 
scab formation. 
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Fig. 8.—Rabbit 280, given intracutaneous injec- 
tion of 0.3 ml. of immune hemolytic serum, Lesion 
two days old. The dark infiltrated area in the 
deeper layers of the corium and adjacent to the 
fascia is the abscess where the connective tissue 
was destroyed and replaced by a leukocytic exu- 
date; 10 


Fig. 10.—Same rabbit as Figure 8; same lesion. 
High-power magnification, showing cytologic de- 
tails of granulocytes and remnants of collagen 
fibers; 470 


Fig. 11.—Same rabbit as Figure 8; same lesion. 
This section is from an area adjacent to the ab- 
scess. The blood vessels are dilated and filled 
with thrombi. Perivascular infiltration is promi- 
nent; 75 
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Fig. 9.—Same rabbit as Figure 8; same lesion. 
A higher magnification of the abscess showing 
destruction of connective tissue fibers. Only a few 
fibers are still demonstrable; > 110. 


Microscopic Changes.—The cutaneous 
lesions were removed for microscopic ex- 
amination at intervals ranging from 2 to 18 
days after injection of the serum. 

Two-day-old lesions showed abscess cavi- 
ties corresponding with the yellow discolored 
areas. The wall of the abscess was in- 
filtrated with neutrophilic and eosinophilic 
polymorphonuclear leukocytes. The  ab- 
scesses extended from the subpapillary layer 
down to the attached abdominal muscle, 
which showed extensive changes and infil- 
tration with segmented granulocytes and 
mononuclear cells. 

The abscess cavity showed destruction of 
the reticulum and collagen and replacement 
by thick purulent exudate. Some cells were 
well preserved, but many nuclei stained 


Fig. 12.—Same rabbit as Figure 8; same lesion. 
The rudiments of reticulum stained purplish-black. 
The leukocytes between the fibers are stained 
feebly. Snook reticulum stain; x 108. 
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Fig. 13.—Rabbit 283. A, section from an area 
where 0.1 ml. of the immune hemolytic serum was 
injected four days earlier. The low intensity of 


the reaction is striking when compared with the - 


dense infiltration in the area of the abscess in B, 
where the lesion resulted from the injection of 0.5 
ml. of the same serum at the same time. The rela- 
tion between the quantity of the serum and the 
local toxic effect is impressive; X 6. 


Fig. 15.—Rabbit 282, given intracutaneous injec- 
tion of 0.3 ml. of immune hemolytic serum. lesion 
11 days old. The location of the abscess deep in 
the cutis and the area which corresponds to the 
scab are well illustrated. It also makes clear why 
the removal of the scab will be followed by the 
pouring out of the purulent contents. 
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Fig. 14.—Rabbit 281, given intracutaneous injec- 
tion of 0.4 ml. of immune hemolytic serum. Lesion 
11 days old. The destruction of the connective 
tissue and replacement by purulent exudate is just 
as impressive as it was in the two-day-old lesion 
(Fig. 12). Snook reticulum stain; X 100. 


poorly. Phagocytes loaded with cellular 
debris were abundant. Snook’s reticulum 
stain * showed clearly the destruction of the 
reticulum collagen. 

Direct smears stained with Wright stain 
showed neutrophilic granulocytes and amor- 
phous detritus. Bacteriologic study of the 
exudate showed no micro-organisms in 
direct smears and aerobic and anaerobic 
cultures. 

In some lesions there was dense infiltra- 
tion with eosinophilic leukocytes in the wall 
of the abscess and occasionally far away 
from it. 

Density of the inflammatory reaction de- 
creased with the distance from the central 
lesion. The cutaneous appendages were in 


Fig. 16.—Rabbit 281, given intracutaneous injec- 
tion of 0.2 mi. of immune hemolytic serum. Lesion 
18 days old. A dense scar, some remnants of in- 
filtration, and a few dilated vascular spaces are 
all that remain of the original lesion; > 70 
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places surrounded by large numbers of 
leukocytes. 

Lesions removed within a few hours after 
injection of the immune serum showed vas- 
cular damage. Neutrophilic leukocytes were 
seen migrating through the walls into the 
surrounding tissue. Blood vessels of various 
sizes were surrounded by inflammatory cells, 
mostly granulocytes. Thrombosis of blood 
vessels was also frequent. 

With the passage of time the surface was 
covered by a scab. There was a demarcating 
inflammatory reaction separating the scab. 
Damage extended to the underlying muscles 
in the form of a mononuclear-cell infiltra- 
tion, necrosis of muscle fibers, and attempts 
at regeneration. The contents of the abscess 
cavity tended to be absorbed. Eventually 
only a small retracted scar remained. 

Effect of Normal Guinea Pig Serum.— 
The same animals were given intracutaneous 
injections of the same amounts of normal 
guinea pig serum. A transient pink dis- 
coloration a few millimeters in size was 
present at the site of injection. There was 
no induration. 


Comment 

Systemic toxic reactions after injections 
of serum of one species in an animal of 
another are well known. Various animal 
serums are capable of producing such toxic 
effects, which are known as primary serum 
toxicity. Some, especially ox serum, may 
be fatal in a relatively small dose. 

Local necrotizing lesions can be produced 
by injection of serums with natural or im- 
mune Forssman antibodies into the skin of 
animals containing Forssman antigen, i. ¢., 
guinea pigs. However, the lesions produced 
by the reaction between injected Forssman 
antibodies and Forssman antigen in the skin 
of the recipient animal are never suppura- 
tive, 

The phenomenon described here is ap- 
plicable at the present time only to the 
system used in this experiment, namely, a 
hemolytic anti-rabbit-red-cell immune guinea 
pig serum produced local suppurative lesions 
in the skin of normal previously untreated 
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rabbits. The phenomenon differs in several 
ways from reactions following injection of 
so-called primary toxic serums: (1) The 
lesion produced was an abscess; (2) only 
immune serum of the guinea pig but not the 
normal serum was capable of eliciting the 
lesion, and (3) the Forssman antigen-anti- 
body reaction was not involved. 

Several problems present themselves for 
discussion, 

1. What is the cause of the phenomenon ’ 
Why does an immune serum against red cells 
produce lesions in the skin of the type 
described here? The first answer that comes 
to mind is that there is in the rabbit an 
antigenic overlap between red cells and the 
skin, probably the connective tissue of the 
skin. It should not be too difficult to test 
this hypothesis. If the assumption is cor- 
rect, then the immune serum which we used 
would lose its toxic effect on the skin if 
absorbed with suitable suspensions or ex- 
tracts of rabbit skin. Also, an immune 
serum produced in the guinea pig by in- 
jections of skin of the rabbit may hemolyze 
and/or agglutinate rabbit erythrocytes. 

Such experiments are on our schedule. 
Fortunately, others have already furnished 
impressive evidence in support of the hypo- 
thesis. 

Billingham et al.* reported that injection 
of homologous blood into cattle in utero 
made the animals tolerant to subsequent 
transplantation of homologous skin. Adult 
blood injected into mice in the same manner 
had the same effect. 

Of even more direct interest are recent 
studies of Habel et al.4 Rabbits immunized 
with tissue cultures of normal human skin 
produced hemolysins and agglutinins against 
human red blood cells. 

If injection of rabbits with human skin 
can produce antibodies against human red 
cells, it is reasonable to assume that a 
similar antigenic relation may exist between 
red cells and skin of the rabbit. On this 
basis, an immune serum against the erythro- 
cytes of the rabbit could react with the 
homologous skin. 
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2. Another possibility to be considered is 
that the immune serum against the erythro- 
cytes of the rabbit may contain antibodies 
against rabbit protein. Such antibodies could 
conceivably react with the skin of the rabbit 
and thus explain the observed lesions. Two 
reasons make such explanation improbable : 
(a) The erythrocytes of the rabbit used for 
immunization of guinea pigs were washed 
repeatedly with physiologic saline until the 
supernatant was perfectly clear; in recent 
experiments, tests showed that the super- 
natant was free from demonstrable protein; 
(b) seven hemolytic serums, two of them 
used in these experiments, were tested for 
precipitins for guinea pig serum, and none 
could be detected. 

Was the 
exudation of leukocytes the primary event 


3. Pathogenesis of the lesion. 


and was it followed by liberation of proteo- 
lytic enzymes and subsequent destruction 
of the connective tissue, or were damage and 
necrosis of the connective tissue the initial 
lesion and the abscess formation the result 
of chemotactic influences ? 


It is possible that in addition to the 


hemolytic antibody the immune serum may 


have an antibody capable of reacting with 
leukocytes. This antibody may exert a 
chemotactic influence on leukocytes. 

Sections removed within a few hours after 
injection showed diffuse edema and rapid 
accumulation of granulocytes, but so far a 
definite statement cannot be made about the 
exact sequence of events. This phase of the 
study is now in progress and will be re- 
ported at a later date. 


Davidsohn et al. 


Conclusion 

The necrotizing and suppurative lesion in 
the skin of rabbits after intracutaneous in- 
jections of anti-rabbit-red-cell hemolytic 
immune serum of guinea pigs may be ex- 
plained by an antigenic relationship between 
erythrocytes and the connective tissue of the 
skin. 


Summary 

Suppurative lesions developed in normal 
previously untreated rabbits following in- 
jections of a hemolytic anti-rabbit-red-cell 
immune serum produced in guinea pigs. 
There was a quantitative relation between 
the size of the lesions and the amount of 
serum injected. The development and the 
course of the’ lesions and the microscopic 
changes are described. The possible causes 
of the phenomenon are discussed, 


Department of Pathology, Mount Sinai Hos- 


pital, 2755 W. 15th St. (8) 
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DAVID L. EDWARDS, M.D., St. Louis 


Over the past six or seven years almost 
a dozen case reports have appeared in the 
literature of an unusual form of renal 
calcinosis in which calcium oxalate crystals 
are found in renal tubules and interstitial 
tissue.’"* Most of the previous reports have 
appeared in the pediatric literature, and in 
a few instances a familial tendency has been 
described.**-**? In almost all reported in- 
stances, death in renal failure has occurred 
as a result of extensive destruction of renal 
parenchyma due to the deposition of the 
crystals, In addition a significant number 
of the case reports demonstrated the pres- 
ence of similar crystals in other viscera and 
in bone. The widespread distribution of the 
crystals in various organs suggests that the 
term “oxalosis,” coined by Chou and Dono- 
hue to designate this rare condition, is 
more appropriate because of its broader 
scope than the term “oxalate nephrocalcino- 
sis,” in which the attention is directed only 
to the organ through which the serious 
consequences of the disease are mediated. 

It is the purpose of this paper to present 
the only case report to date of the occur- 
rence of this rare disease in several adult 
members of a single family. 


Report of Cases 
Case | 


A 38-year-old white man was admitted for the 
only time to Barnes Hospital on June 1, 1955, with 
a chief complaint of “kidney trouble.” 

Two and one-half years previously he had 
developed right lower quadrant and groin pain and 
subsequently passed a renal stone spontaneously. 
He did well until three months prior to admission, 
when he had a similar episode of renal colic and 
a stone was visualized in the right ureter. At- 
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tempted cystoscopic removal of the stone was un- 
successful, but the concretion was subsequently 
removed by a right ureterolithotomy. He returned 
to work and felt fairly well until three weeks 
prior to admission, when he developed anorexia, 
weakness, and vomiting. He was admitted to St. 
Mary's Hospital, in Decatur, Ill. At that time the 
serum nonprotein nitrogen was 50 mg. per 100 cc. 
He received 7 liters of fluid intravenously and 
developed edema and oliguria. He gave no past 
history of genitourinary infections, exposure to 
toxic agents, or history of joint disease. Shortly 
before referral to Barnes Hospital he noticed pain, 
redness, and swelling of his toes and hands. 


Family History 


One brother (Case 2) died of renal disease at 
23 years of age. One sister died at 22 years of 
age, 3 weeks post partum, but an autopsy was 
not performed. It is stated that she was free of 
symptoms of toxemia during pregnancy, but three 
weeks post partum she developed anasarca and 
convulsions and died in apparent renal failure. 
Another brother—the twin of Case 1—<ied at the 
age of 8 months of “stomach trouble,” with per- 
sistent vomiting as the main symptom. He was 
reported to have had no edema or difficulty in 
voiding. A brother age 33 and a sister age 29 are 
both living and well. Case 1 had four children, 
who are 7 to 14 years of age and are apparently 
healthy. Case 2 is survived by a daughter 5 years 
of age who is apparently healthy. 

The patient’s mother, age 62, and two maternal 
aunts and one maternal uncle are alive and well. 
One maternal aunt died at the age of 70 of un- 
known cause. She had kidney trouble and ana- 
sarca when she had her first baby, many years ago. 
A maternal uncle, age 72, has had “kidney trouble” 
for which he had been hospitalized several times. 
On one occasion he passed a renal stone. 

The patient’s father, two paternal uncles, and 
two paternal aunts are alive and apparently healthy. 


Physical Examination 


The blood pressure was 170/95. The patient 
was a pale chronically ill white man, who had a 
heavy odor of urine on his breath. Funduscopic 
examination was negative. There was dullness of 
the left lung base, with decreased breath sounds. 


| 
| 
= 


IDIOPATHIC FAMILIAL OXALOSIS 


The left border of cardiac dullness was 1-2 cm. 
to the left of the midclavicular line, and the heart 
tones were quiet. A Grade 2 to-and-fro scratchy 
rub or systolic murmur was heard to the left of 
the sternum, and the second aortic sound was 
louder than the second pulmonic sound. A smooth 
liver edge was felt 2 fingerbreadths below the 
right costal margin. Two plus peripheral edema 
was present. The metatarsophalangeal joints of 
both feet were swollen, red, and tender. The 
joints of the hands and wrists were also tender. 


Laboratory Data 


The hemoglobin level was 8.5 gm. per 100 ml. 
The white blood cells numbered 25,400 per cubic 
millimeter, with a differential count of 89% seg- 
mented forms, 8% lymphocytes, and 3% mono- 
cytes. The red cells were extremely hypochromic. 
Platelets were normal. Urinalysis revealed a trace 
of albumin, negative acetone, a 1+ Sulkowitch 
test, and a few white cells. The nonprotein nitro- 
gen on admission was 237 mg. per 100 cc.; CO:- 
combining power, 17.3 mEq. per liter; chlorides, 
70 mEq. per liter; sodium, 119.2 mEq. per liter. 
and potassium, 6.1 mEq. per liter. Uric acid was 
11.8 mg. per 100 cc.; creatinine, 15.0 mg. per 
100 cc.; calcium, 72 mg. per 100 cc., and phos- 
phorus, 184 mg. per 100 cc. On a retrograde 
pyelogram taken in Decatur, Ill, no evidence of 
renal calculi or urinary obstruction was seen. 
Review of the films showed fine nephrocalcinosis. 


Hospital Course 


A low-grade fever persisted throughout his hos- 
pitalization. His urinary output from the second 
to the fourth hospital day varied between 480 and 
540 cc. It decreased to 35 cc. on the fifth day, 
and urine output ceased on the last day of life. 
He was maintained with intravenous fluids, in- 
cluding lactated Ringer's injection, molar sodium 
chloride, and sodium lactate, to elevate the serum 
sodium. Regular insulin (25 units) and intravenous 
dextrose were administered in an effort to lower 
the serum potassium. The nonprotein nitrogen rose 
to 275 mg. per 100 cc. The serum sodium rose 
from 119 to 131 mEq. per liter, and the CO,- 
combining power fell from 17.3 to 14.4 mEq. per 
liter on the day before death. The serum potassium 
remained around 6.5 mEq. per liter. He became 
more lethargic. On the third hospital day he was 
dizzy, weak, and nauseated, and ventricular pre- 
mature contractions were noted. ECG evidence of 
an intermittent right bundle-branch block and signs 
of electrolyte imbalance appeared on the third day 
and progressed to complete heart block with a 
rate of 20 beats per minute by the sixth, and last, 
day. Several generalized seizures were first seen 
on the fourth day and recurred intermittently till 
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the time of death. On the sixth day he gradually 
became hypotensive and died, on June 6, 1956. 


Autopsy 


Gross Protocol: The body was that of a well- 
developed moderately well-nourished white man 
with edema of the lower extremities. There was a 
well-healed right flank surgical incision. The right 
and left pleural cavities contained 700 and 500 cc. 
of serous fluid, respectively. The lungs were nor- 
mal in weight, and the posterior and inferior por- 
tions of both lungs were collapsed. The heart 
weighed 400 gm. and the left ventricular wall was 
thickened. In several foci the epicardium was 
roughened by a fine film of fibrin. The coronary 
arteries were almost free of atheromata. Serous 
fluid, 800 cc., was present in the peritoneum. The 
spleen and liver were slightly congested. The 
kidneys were small, weighing 100 gm. (right) and 
90 gm. (left). The capsules were thickened and 
stripped with difficulty from moderately granular 
surfaces with a few focal depressed scars. The 
kidneys were pale yellowish-tan. They cut with 
increased resistance, but no gritty sensation was 
noted. The cut surface revealed severe diminution 
of cortical thickness. The renal pelves were 
thickened, white, and opaque and contained several 
petechiae. No pyelectasia, stones, or ureterectasis 
was present. The bladder submucosa was swollen, 
with prominent mucosal folds which were studded 
with ecchymoses. The other organs were not re- 
markable grossly. The parathyroids were not en- 
larged. The postmortem blood culture was sterile. 


Microscopic Protocol: Heart. few 
widely scattered muscle cells contain rosette- 
like small refractile yellow crystals within 
the cytoplasm (Fig. 1). Crystals are also 
seen in the interstitial tissue, where they are 
accompanied by a few lymphocytes and 
monocytes and rare multinucleated cells. 
There are scattered foci of lymphocytes, 
monocytes, and rare neutrophils in the 
myocardium, with some degeneration and 
shrinkage of some myocardial cells near 
the area of densest crystalline deposition. A 
few neutrophils and lymphocytes are seen 
around small vessels in the epicardium, and 
there is a sparse amount of fibrin on the 
epicardial surface. 

Kidney, The parenchyma is distorted by 
interstitial fibrosis and infiltration by lym- 
phocytes. Many tubules contain small to 
large refractile crystals which are round and 
globular and tend to have a radial rosette- 
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Fig, 1 (Case 1).—Calcium oxalate crystals in 
the myocardium, One crystal (lower left) in a 
myocardial cell and the other crystal (right) in 
the interstitial tissue. Hematoxylin and eosin; 
reduced slightly from mag. & 305. 


like pattern (Fig. 2). In many places the 
tubular epithelium is compressed or de- 
stroyed by the crystals, some of which extend 
into the interstitial tissue, where they have 
evoked a mild inflammatory and desmoplas- 
tic response (Fig. 3). Most glomeruli are 
normal except for variable  pericapsular 
fibrosis. Occasional hyalinized glomeruli are 
present, and the arterioles are thickened. 
The crystals were stained black by von 
Kossa's technique but failed to stain with 
the alizarin-red-S stain, 

Liver. The centrolobular sinusoids are 
congested, and the surrounding cells are 
atrophic. Necrotic foci with infiltration by 
neutrophils are seen in a few centrolobular 
areas, There are some small calcific con- 
cretions in portal venules which stain dark 
blue. Similar concretions are present in 
small pancreatic venules. 


Fig. 3 (Case 1).—Large crystals of calcium 
oxalate in renal tubules, with destruction of the 
epithelium. Hematoxylin and eosin; reduced 
slightly from mag. & 230 


Fig. 2 (Case 1).—Calcium oxalate crystals in 
renal tubules. Note the interstitial fibrosis and 
inflammation. Hematoxylin and eosin; reduced 
slightly from mag. 140. 


Testis. The tubules are atrophic, with mild 
to severe thickening of their basement mem- 
branes and suppression of spermatogenesis. 
Some tubular lumina contain crystals similar 
to those in the kidneys (Fig. 4). 

Parathyroid. The parathyroid is com- 
posed of relatively small clear cells with 
prominent cell membranes. 

Sections of the other tissues are not 
remarkable except for patchy emphysema 
and atelectasis of the lungs and a slight 
degree of benign prostatic hyperplasia. No 
crystals are present in sections of the 
lungs, spleen, adrenal, pancreas, thyroid, 
prostate, bone, pituitary, parathyroid, pineal, 
brain, or mesenteric node. 

Chemical Determination: Tissue from the 
kidney and blocks from the heart and kidney 
of Case 1 were sent to Dr. Louis B. Thomas, 
at the National Institute of Health, 


Fig. 4 (Case 1).—Testicular tubule containing 
calcium oxalate crystals. Hematoxylin and eosin: 
reduced slightly from mag. 230 
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Bethesda, Md. The crystals seen by Drs. 
Thomas, Swarm, and Rabson in that de- 
partment were considered morphologically 
to be calcium oxalate. 

An incineration procedure done by the 
method of Johnson '* confirmed their mor- 
phological impression. Their report follows : 
“Paraffin sections of the kidney were placed 
in a muffle furnace at 450°C for approxi- 
mately 30 minutes. A coverslip was placed 
on top of the incinerated section and while 
looking at the crystals under the scanning 
power of the microscope, a drop or two of 
concentrated sulfuric acid was allowed to 
seep under the coverslip. Vigorous bubbling 
was seen. No bubbling was seen when a 
deparaffinized section was treated similarly 
with concentrated sulfuric acid.” 

In our laboratory, unstained deparaffin- 
ized sections of the kidney of Case 1 were 
treated with various reagents to determine 
the solubility of the crystals. The crystals 
were soluble in concentrated hydrochloric 
acid and in concentrated sulfuric acid, In 
the latter instance some needle-shaped crys- 
tals were formed (presumably calcium sul- 
fate). The crystals were insoluble in 
lithium carbonate, glacial acetic acid, con- 
centrated ammonium hydroxide, or concen- 
trated potassium hydroxide. 

Quantitative analysis for calcium gave a 
result of 136 mg. of calcium per gram of 
wet weight of renal cortical tissue (a con- 
trol kidney contained 0.45 mg. per gram 
wet weight of tissue). 

A sample of kidney of Case 1, dried in 
air at room temperature and powdered, was 
given to Dr. Lindsay Helmholz, of the 
Department of Chemistry of Washington 


University, for x-ray diffraction studies. 


His analyses confirmed the presence of cal- 
cium oxalate monohydrate in the tissue. 
Other undetermined diffraction bands be- 
sides those of calcium oxalate were also 
present. Dr. Helmholz also subjected to x- 
ray diffraction analysis a powdered sample 
of the renal calculus which had been re- 
moved surgically from Case 1 three months 
prior to death. The stone proved to be 
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composed of practically pure calcium oxalate 
monohydrate. 


Case 2 


A 23-year-old white male mechanic (brother of 
Case 1) was first admitted to the Huber Memorial 
Hospital, in Pana, Ill, on Feb. 13, 1951. He was 
in good health until Feb. 1, 1951 (three weeks 
before his death), when he complained of aching 
and occasional vomiting of recently ingested food. 
On Feb. 5 he consulted his physician because of 
“aching all over,” vomiting, weakness, 
chilly sensations, and swelling of the eyelids, hands, 
and feet. The symptoms gradually increased in 
severity until entry into the hospital. 


nausea, 


The past history was negative except for a gall- 
bladder attack (?) with no pain but with nausea 
and vomiting one year before admission 


Family History 


This patient is the brother of Case 1 


Physical Examination 


The blood pressure was 160/100. Slight swelling 
of the eyelids and moderate cervical adenopathy 
were noted. The lungs were clear to percussion 
and auscultation, and rales were not heard. The 
heart was not enlarged. The tones were of good 
quality without murmurs, The liver was barely 
palpable on deep inspiration. No other organs or 
masses were palpable in the abdomen. There was 
moderate tenderness in the left upper quadrant 
The extremities were not detectably swollen. All 
joints, especially the ankles, were painful on mo 
tion, but there was no redness, tenderness, or loss 
of the normal range of motion. The external 
genitalia were normal and the prostate was double 
in size and slightly tender. The deep tendon re- 
flexes were present and equal bilaterally. The 
working diagnoses were (1) glomerulonephritis ? ; 
(2) rheumatic fever ?; (3) aplastic anemia ? 


Laboratory Data 


On admission the hemoglobin level was 7.5 gm 
Red blood cells 2,470,000 per cubic 
millimeter; white cells, 8200 per cubic millimeter, 
with a differential count of 3% eosinophils, 56% 
neutrophils (6% stab cells), 37% lymphocytes, and 
4% monocytes. Repeated urinalyses throughout his 
hospitalization showed a small urine volume and a 
fixed specific gravity between 1.007 and 1.008. The 
urine was consistently acidic. 


numbered 


All samples con- 
tained from a trace to 1+ albumin and up to 8 
pus cells per high-power field. Bacteria and up 


549 


he 

4 

: 
A 
4 


to 8 red cells were seen in all but the first urine 
sample, which was free of blood. Many calcium 
oxalate crystals were seen in the sediment of the 
first urine sample but not subsequently. The sedi- 
mentation rate was normal except on the last day 
of life, when it was 23 mm. in one hour (Wintrobe 
method). The following tests were performed 
with negative results: blood Kahn, blood culture, 
and agglutination tests for heterophil antibodies; 
Weil-Felix, tularemia, Brucella, and typhoid O. 

The typhoid H agglutination was positive at a 
dilution of 1.160. 


Course 
During his hospitalization he received three 
transfusions, raising the hemoglobin to 11.8 gm. 
and the red cells to 3,210,000. The white cell 
count remained normal. 


On Feb. 19 the nonprotein nitrogen was 214 mg. 
per 100 cc., and on the following day it had risen 
to 250 mg. per 100 cc. He continued to vomit in 
the hospital, and he died in uremia on Feb. 20. 
1951, three weeks after onset of symptoms. 


Autopsy 


The gross dissection was performed by Dr. 
R. G. Mathewson of Pana, Il. 

Gross Protocol: The body was that of a well- 
developed well-nourished white man. The lungs 
were collapsed, but no other gross abnormalities 
were seen. The pericardial sac contained 30 to 40 
ce, of straw-colored fluid. The heart was normal 


in size, and the valves were normal and showed 
no evidence of scarring or vegetations. Straw- 
colored fluid, 50 to 70 cc., was present in the perito- 
neal cavity, and no peritoneal inflammation was 
seen. The spleen was grossly enlarged three times. 


It had a smooth glistening capsule and was purple in 
color. 


The liver was enlarged to one and one-half 


Fig. 5 (Case 2).—Crystal of calcium oxalate in 
the myocardium without inflammatory response. 
Hematoxylin 


mag. X 215. 


and eosin; reduced slightly from 
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times normal size. The capsule was smooth, and 
the chocolate-brown parenchyma bulged on cut 
surface. The gallbladder was moderately distended 
with bile. The adrenals, pancreas, bladder, and 
prostate were grossly normal. The right kidney 
was one-third normal size and the left kidney was 
slightly less than one-half normal size. The cap- 
sules stripped with difficulty from mottled gray 
cortical surfaces. On cut section the cortices were 
exceedingly thin. The renal pelves and ureters 
were grossly normal. 

Microscopic Protocol: Microsections of 
the tissues prepared at St. Mary’s Hospital, 
Decatur, Ill, were made available by con- 
sent of the pathologist, Dr. W. A. Hause. 

Heart. There is a sparse scattering of 
refractile yellow rosette-like crystals which 
are about twice the size of myocardial cells 
(Fig. 5). Some are located within myo- 
cardial cells, and others are in the interstitial 
tissue, where they are surrounded by a few 
mononuclear cells. Some myocardial hyper- 
trophy and intimal proliferation of small 
arterial branches is seen. 

Kidney. The architectural pattern is dis- 
torted. Many tubules contain, or are filled 
with, highly refractile crystals (Fig. 6), 
most of which assume a rosette or double 
“sheaf of wheat” appearance (Fig. 7). The 
tubular epithelium is destroyed by the 
crystals, some of which extend into the 
interstitial tissue, where they are surrounded 
by fibrosis and occasional chronic inflam- 
matory cells (Fig. 8). Other tubules are 
dilated and lined by flattened degenerating 


Fig. 6 (Case 2).—Calcium oxalate crystals in 
the kidney under partially polarized light, demon- 
strating the brilliant birefringency of the crystals. 
Hematoxylin and eosin; reduced slightly from 
mag. 250. 
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Fig. 7 (Case 2).—Clusters of rosette-like 
calcium oxalate crystals in renal tubules and inter- 
stitial tissue, with inflammatory response. Hema- 
toxylin and eosin; reduced slightly from mag. 
x 130. 


epithelium. Interstitial fibrosis is prominent 
and is often accompanied by patchy lympho- 
cytic and plasma-cell infiltration. Most 
glomeruli are large, cellular, and relatively 
ischemic. Some pericapsular fibrosis and 
hyalinization of glomeruli have occurred, 
but no epithelial crescents are seen in Bow- 
man’s capsule. Arterioles show fibrous in- 
timal proliferation. 

Sections of the lung, liver, pancreas, and 
adrenal are unremarkable, with the excep- 
tion of focal atelectasis in the lung and lipid 
vacuolization in the hepatic cells. 

No tissue was available for chemical de- 
termination, 


Comment 


Despite the frequency with which oxalates 
are found in the urine of normal persons 
and the high proportion of renal stones 
which are composed of oxalates, the deposi- 
tion of crystals in the renal parenchyma 
is extremely rare. The reason for this is 
unknown. It is not too unusual to find 
isolated calcium oxalate crystals in colloid 
in thyroid glands.'® 

The source of the oxalates in normal per- 
sons is generally agreed to be for the most 
part exogenous."® Food sources of oxalates 
include coffee, spinach and rhubarb, cocoa, 
and some fruits.'? There is probably also a 
small amount of endogenous oxalate produc- 
tion. The metabolic pathways for the en- 
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Fig. 8 (Case 2).—Calcium oxalates in the kid- 
ney, with marked interstitial fibrosis. Hematoxylin 
and eosin; reduced slightly from mag. X 215. 


dogenous production of oxalates are still 
the subject of some dispute. 

Jeghers and Murphy "* reviewed the sub- 
ject of oxalate metabolism thoroughly in 
1945 and indicated several possible path- 
ways, among them the possible formation 
of oxalic acid from the metabolic breakdown 
of ascorbic acid, or glycine; the possible 
derivation of oxalate from the intermediary 
metabolism of carbohydrates, and the pos- 
sibility that oxalic acid may be derived from 
the breakdown of pyrimidines by way of 
oxaluric acid (NH»-CO-NH-CO-COOH ) 
with the formation of urea (NH,-CO- 
NH2) and oxalic acid (HOOC-COOH- 
2H2-O). None of these alternatives has 
been conclusively confirmed. 

Most of the case reports of oxalosis have 
ruled out the probability of excessive inges- 
tion of oxalates and are left by default with 
the necessity of postulating some as yet 
unexplained metabolic disorder to account 
for the development of the disease. The 
family gives no history of excessive inges- 
tion of oxalate-containing foods by either 
of my two cases. The presence of excessive 
oxalate and calcium in urine does not of 
necessity lead to precipitation of the 
crystals. Dunn‘ points out that other 
substances, such as magnesium, vitamins A 
and D, urea, colloids, and certain acids, may 
prevent the precipitation of calcium oxalate, 
and by implication a deficiency in such pro- 
tective substances might have a bearing on 
the etiology of the disease. 
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Duration of Nephro- E 
Authors Year Age, Yr. Sex Symptoms Family History lithiasis of eae 
Laas 141 25 M = 0 
Vischer 1947 10 M 5 mo. _ 0 os 
Davis et al. 1950 12 M 9 yr. = + Seen 
Carson 1951 mo. M 10 da. 0 
Ostry 1961 M 4yr. + 
Chou & Donohue 1962 7 M Syr. Father had ureteral stone + Bone, heart, spleen, 
thymus, lung, pituitary 
Zollinger & Rosenmund 1952 35 M i mo. _ 0 ty 
57 F 2 yr. 0 
M 1 yr. 0 Bone 
Newns & Black 1953 5 (living) ¥ ayr. Brother died with Ca ox- + 
alate calculi; maternal 
great uncle had lithiasis 
Aponte & Fetter 194 16 M 5 ‘4 yr. Cases 1 and 2 are identical + Bone 
1a'y M 3‘ yr. twins and brothers of + Bone 
y M 2 yr. Case 3 + “an 
Neustein et a). 1955 Ay M 3yr. Maternal aunt, uncle, and + Bone, spleen, thymus, testis 
cousin underwent neph- 
rectomy; maternal uncle 
had pyelitis 
Dunn 1955 16 F lO yr. Father had renal stone + Bone, heart, thyroid, pancreas 
Burke et al 1956 12 M 9 yr. - + Bone, spleen, liver, thymus, 
adrenal 
Lund & Reske-Nielsen 1956 wy Fr 19 yr. + Heart, spleen, liver, thyroid, 
lung, parathyroid 
F S yr. + 
Heart, spleen, liver 
(Ca oxalate) 
Fdwards 1957 at M 2yr. Cases | and 2 are brothers; + Heart, testis 
2% M 3 wk. a sister died of renal disease 0 Heart 


after pregnancy; maternal 
uncle had renal stone 


At this writing there are 18 cases in the 
literature recorded in 13 case reports.’™ 
The two patients reported here bring the 
total to 20 (Table). 

The ages at the time of death range from 
months? to 57 years."* The majority 
(12 cases) occurred in children 16 years of 
age or less, while 8 cases including the 
present ones occurred in adults. 

Wherever race was mentioned in case 
reports the patients were Caucasian. Fifteen 
were males, and five, females. 

Definite histologic evidence of oxalate 
crystals in the tissues of other members of 
a family is presented only in the report by 
Aponte and Fetter ' and in the present one. 
In both of these families male siblings have 
been affected. In the present report a female 
sibling died of renal disease three weeks 
post partum, but an autopsy was not per- 
formed. 

The patient of Newns and Black® had 
an elder brother who died at the age of 8% 
years of renal failure with multiple calcium 
oxalate renal calculi, but no mention is made 
of oxalate in the tissues. Three other re- 
ports **1? gave histories of renal lithiasis or 
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recurrent renal infections in members of the 
family. Gram ** reports on the occurrence 
of renal calcium oxalate stones in five gen- 
erations of a single family but apparently 
without deposition of crystals in the tissues. 

In the cases of Newns and Black® and 
Neustein et al.* relatives on the maternal 
side were implicated. In this report the only 
members of a different generation giving 
histories of renal disease were the maternal 
uncle and aunt of the patients. The pos- 
sibility of sex linkage in the maternal line 
is suggested by these cases, but in the cases 
of Dunn* and Chou and Donohue ™ the 
male parent gave a suggestive history of 
renal disturbances. 

The symptomatology of the disease, al- 
though characteristic, is not in the least 
specific. Almost all patients at one time or 
another developed urinary calculi. The cases 
of Carson,’ Laas,® Vischer," and Zollinger 
and Rosenmund ™ and Case 2 of this report 
were exceptions. All patients except that 
of Carson? and Laas’® asymptomatic case 
and my Case 2 presented an illness of long 
duration from the time of the initial symp- 
tom. The range was from 3 weeks to 19 
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years,® with most cases being more than 2 
years in duration. Death in renal failure 
was the eventual outcome in all but the pa- 
tient of Newns and Black,* (who was alive 
at the time of publication) and Laas’ * case 
(who died of gunshot wounds). 

The laboratory findings in late stages of 
the illness were those characteristic of renal 
failure, with nitrogen retention, low serum 
calcium levels, and elevated serum phos- 
phorus levels in the majority of instances. 
The alkaline phosphatase levels were within 
normal ranges in most reports. Aponte and 
Fetter! stressed the presence of elevated 
blood uric acid levels in all three of their 
patients and in surviving relatives. Case 1 
in the present report also had an elevated 
uric acid level (11.8 mg. per 100 cce.). 
Anemia was a frequent late finding, and in 
most instances it was ascribed to bone mar- 
row suppression during the development 
of uremia. Normal urinary calcium excre- 
tion and alkaline phosphatase levels, as well 
as normal histologic appearance of parathy- 
roid glands in several reports, rule against 
the possibility of primary underlying disease 
of the parathyroid glands. In Case 1 of this 
report there were some minute nencrystal- 
line metastatic calcifications in the liver and 
pancreas, but the parathyroids were normal. 

The pathologic features of the disease 
have been well summarized by Dunn.‘ In 
the kidneys presented 
crystals obstructing the tubules, with com- 
pression and atrophy of the tubular epithe- 
lium. a 


all reports have 


result of the degenerative 
changes of the tubular epithelium, crystals 
extend into the 
where they evoke a mild chronic inflam- 
The 


glomeruli are generally not affected, but 


often interstitial tissues, 


matory or desmoplastic response. 
crystals were seen in one glomerulus in 
Case 1 in the present report. The crystals 
are yellow, birefringent, and round, with a 
Some 
crystal masses represent small collections 


radial rosette-like pattern (Fig. 3). 


of smaller wedge-shaped crystals. The cases 
with more protracted courses give evidence 


Edwards 


of severer fibrosis and disorganization of 
the renal architecture. 

A tabulation of the organs in which 
crystals were deposited shows the following 
distribution in descending order of fre- 
quency: kidney, 20 cases; bone, 8; heart, 
6; spleen, 5; liver and thymus, 3 each; 
thyroid, testis, and lung, 2 each; adrenal, 
pituitary, pancreas, and parathyroid, 1 case 
each. !n some cases of widespread dissemi- 
nation of crystalline deposits the crystals 
were found in the walls of arteries in many 
of the organs. It is of interest that deposi- 
tion of crystals in bone was seen only in 
children. This may be related to the in- 
creased availability of calcium in zones of 
active bone growth in children. The re- 
sponse of the tissues to the presence of 
crystals is variable. As a general rule the 
response is minimal or absent because of the 
relatively inert character of calcium oxalate. 
In some places giant cells, lymphocytes, and 
fibrous tissue may surround the crystals. 

From a diagnostic standpoint there are 
few if any characteristics which would serve 
to distinguish oxalosis from other conditions 
leading to nephrolithiasis. Owing to the 
prominent radiodensity of the calcium oxa- 
late deposits, most of the cases are asso- 
ciated with opacities within the renal 
cortical parenchyma. In spite of the rela- 
tively high calcium content by weight in the 
kidney in Case 1 of the present report, a 
postmortem x-ray of the kidney showed 
very slight increase in radio-opacity when 
compared to a control kidney of similar 
dimensions. The association of parenchymal 
calcification with a family history of chronic 


stone formation or other genitourinary dis- 
orders might draw attention to the possi- 


bility of oxalosis. The frequency of 
deposition of crystals in bones in children 
suggests that biopsy of readily accessible 
bones might be of great diagnostic value 
in that age group. 

The outline presented by 
Dunn* appears to be the best currently 
available. Dietary restriction of foods rich 
in oxalate is paramount. 


therapeutic 


Adequate urine 
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volume and adequate amounts of vitamins A 
and D should be assured, There is dis- 
agreement about the value of acidification 
or alkalinization of body fluids. Oxalate 
calculi can occur in acidic, alkaline, or 
neutral media. Alkalis and the high calcium 
content in milk tend to inhibit absorption 
of oxalate from the gastrointestinal tract, 
while acidification of urine increases the 
solubility of calcium oxalate in the urine. 
The presence of magnesium helps to prevent 
precipitation of calcium oxalate. 


Summary 


This report deals with an instance of the 
familial occurrence of a rare disturbance of 
metabolism. Two adult male siblings were 
found to have parenchymal deposits of cal- 
cium oxalate crystals in the kidneys, leading 
to renal damage sufficient to eventuate in 
uremic death. Similar crystals were found 
in the testis in one sibling (Case 1) and in 
the myocardium of both. These cases repre- 
sent the 19th and 20th known cases of idio- 
pathic familial oxalosis and only the second 
instance in which a familial incidence has 
been proven histologically. A discussion of 
clinical and pathological features of the dis- 
ease is presented, 

Dr. W. A. Hause and St. Mary's Hospital, of 
Decatur, Ill, gave permission for use of the 
autopsy material of Case 2. Dr. Richard H. 
Larson, of Shelbyville, Ill; Dr. R. G. Mathewson, 
of Pana, Ill, and Dr. L. L. Unger, of Decatur, Ill. 
helped in making available the clinical history and 
autopsy protocol on Case 2 and the family history. 
Dr. Edward Reinhard, of the Department of 
Medicine of Barnes Hospital, granted permission 
to use the clinical material on Case 1. Dr. Louis 
B. Thomas and his staff, at the National Institute 
of Health, Bethesda, Md., made the positive identi- 
fication of the crystals in the tissues, and Dr. 
Lindsay Helmholz, of the Chemistry Department 
of Washington University, St. Louis, performed 
the x-ray diffraction studies on the crystals in the 
tissue and on the renal stone 


Department of Pathology, Washington Uni- 
versity School of Medicine, Euclid Ave. and 
Kingshighway (10). 
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Addendum 


Samples of urine and blood have been 
obtained from the parents, several siblings, 
all the offspring, and several siblings of the 
parents of these two patients. Results of 
chemical analyses on the samples and pos- 
sibly of further metabolic studies on blood 
relatives will be published in a later com- 
munication, 
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Lipemia 


In many studies of atherosclerosis in rab- 
bits considerable quantities of blood have 
been drawn daily. For instance, in one ex- 
periment in which electrophoretic, ultra- 
centrifugal, and chemical analyses of the 
serum lipids were made, more than 30 ml. 
was withdrawn each day.’ As it has long 
been known that hemorrhage may cause hy- 
perlipemia in rabbits,**! it became desirable 
to determine whether the drawing of blood 
in such quantities could cause atherosclerosis 
in the rabbit. 

Recently a technique which permits the 
microscopic examination of the whole of the 
aortic intima from its luminal aspect has 
been revived.** By means of this technique 
very small atherosclerotic lesions of the rab- 
bit’s aorta can be detected. This paper 
reports that small atherosclerotic lesions can 
be demonstrated by this technique in rabbits 
with hemorrhagic lipemia. The morphology 
of the lesions is described, and they are com- 
pared with the small atherosclerotic lesions 
revealed by the surface technique in rabbits 
fed cholesterol for a few days.” 


Method 


Fourteen male New Zealand white rabbits 3 to 
4 months old were used. They were given Miracle 
Rabbit Food (Ogilvie Flour Mills, Montreal) and 
water ad libitum. They did not receive cholesterol 
The rabbits were bled daily. Usually 45 to 50 ml 
of withdrawn, though sometimes as 
much as 55 ml. was taken, and toward the end of 


blood was 
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Atherosclerotic Lesions in Rabbits with Hemorrhagic 


A. C. RITCHIE, M.B., Ch.8., D.Phil.; P. MACKLEM, M.D., and B. |. WEIGENSBERG, Ph.D., Montreal 


the experiment occasionally only 20 to 30 ml. could 
be obtained, The total serum cholesterol was meas- 
ured daily.“ In addition, in eight of the rabbits 
the free and total serum cholesterol,” the serum 
lipid phosphorus,” and the total serum fatty acids ” 
were determined weekly. When it became difficult 
to obtain a sufficient quantity of blood the rabbits 
were killed by an intravenous injection of pento- 
barbital sodium. The endothelium and intima of 
the aorta, with a little subjacent media, were pre- 
pared by the surface technique of Lautsch, Mc 
Millan and Duff, and stained with silver nitrate, 
hematoxylin, and Sudan IV by the method of 
Duff, McMillan and Ritchie™ In this way the 
aortic intima from the ascending arch to below 
the renal arteries was mounted on slides with the 
endothelial surface uppermost in such a manner 
that it was possible to examine the intima with 
the highest powers of the microscope 


Results 


Serum Lipids and Hematocrit.—Table | 
shows some of the chemical findings. Dur- 
ing the first week the concentration of 
cholesterol in the serum rose. Thereafter it 
remained at an elevated level, though there 
was considerable fluctuation from day to 
day. The concentration of the other lipids 
in the serum also increased. The total fatty 
acids and the free cholesterol increased 
relatively more than did the total cholesterol, 
but there was no significant change in the 
ratio of total cholesterol to lipid phosphorus. 
The hematocrit showed an anemia which 
tended to grow severer as the experiment 
continued, 

Morphology.—Table 2 shows the fre- 
quency of the commoner microscopic find- 
ings. 


Fourteen small atherosclerotic lesions of 
the aortic were detected. They were equally 
common in the proximal and distal parts of 
the aorta were detected. They were equally 
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Fig. 1.—Intimal fibrocytes containing droplets of 
fat. The fibrocytes run more or less transversely. 
The nuclei appear as gray ovals. The cytoplasm is 
not easy to make out. The fat droplets appear as 
intensely black dots at the poles of the nuclei. It 
should be noted that because of the thickness of 
the preparation only some of the cells are in sharp 
focus. Silver nitrate, hematoxylin, and Sudan IV; 
1000. 


mounds which stand beside the mouths of 
the arterial branches. None was large 
enough to be visible macroscopically. In 8 
of the 14 lesions there was no increase in 
the number of intimal cells or alteration in 
their arrangement, the only abnormality de- 
tected being that some of the intimal fibro- 
cytes and histiocytes contained droplets of 
fat (Fig. 1). The other six lesions were 
more complicated. In the center of each was 
an accumulation of from 4 to 100 phago- 
cytes. Demonstrable fat was found in some 
but not all of these phagocytes and was 
usually found also in some of the surround- 
ing fibrocytes. All but one of the athero- 
sclerotic lesions were focal, being not more 
than in greatest dimension. The 
14th lesion was diffuse. In it there was no 
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alteration in the number or arrangement of 
the intimal cells, but very many of the in- 
timal fibrocytes and histiocytes contained 
droplets of fat, almost the whole intima of 
the proximal aorta and much of the intima 
of the distal aorta being affected. In two of 
the rabbits with atherosclerotic lesions fat 
was also detected in one or two solitary 
phagocytes lying close under the endothelium 
in otherwise unremarkable intima, Fat was 
found distending one endothelial cell, but no 
abnormality was detected in the intima in 
relationship to this cell, though the rabbit 
had atherosclerotic lesions elsewhere. 

In addition to the atherosclerotic lesions, 
in which the fat was intracellular, extracel- 
lular fat was observed in both the intima 
and the media. Intimal deposits of extra- 
cellular fat were seen in two rabbits, one 
with an atherosclerotic lesion and one with- 
out. The fat lay immediately under appar- 
ently intact endothelium, forming large 
droplets which appeared smeared (Fig. 2). 
The fat extended over an area covered by 
two or three endothelial cells. No accumula- 
tion of phagocytes or other abnormality was 
detected in relation to it. Medial deposits 


Fig. 2.—Extracellular fat in the intima, The 
fat hes immediately under the endothelium. Most 
of the endothelium is out of focus, but in places 
cement lines can be seen. The fat appears as the 
larger black droplets in the center of the picture. 
The fine black dots in the upper part of the picture 
are due to silver precipitated on the endothelium 
Silver nitrate, hematoxylin, and Sudan IV; « 1000. 
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Extracellular fat in the media. Muscle 


Fig. 3 
cells and fibrocytes run obliquely across the picture 
In the pale area in the center black droplets of fat 


can be seen 


Silver nitrate, hematoxylin, and Sudan 
IV: & 1000 


of extracellular fat were detected in five 
rabbits, three of which had atherosclerotic 
lesions. The deposits were multiple, a single 
aorta showing as many as 40, They were 
most frequent in the arch about the mouths 
of the great vessels but also occurred in 
relation to the mouths of arteries arising 
more distally, The deposits lay in the media 
close to the intima and sometimes may have 
been in the deepest part of the intima. They 
were very small, often extending for only 
a few microns, and consisted of fine drop- 
lets of fat distributed haphazardly without 
apparent relation to any cell or fiber (Fig. 
3). The overlying intima was unremarkable. 

Nine of the thirteen aortas studied showed 
lesions of the type called “spontaneous 
medial degeneration” by Kesten.2* These 
lesions were much commoner in the arch of 
the aorta than elsewhere and when they did 
occur more distally were often in relation 
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to the mouths of arteries. One aorta con- 
tained more than 60 of them; others, only 
1 or 2. Most were too small to be visible 
macroscopically. They were crateriform, ex- 
tending from the media into the intima. The 
base of the crater was a confusion of 
phagocytes, fibrocytes, and smooth muscle 
cells; its wall, a mound of fibrocytes with 
a few phagocytes. The craters were covered 
with unremarkable endothelium. The great 
majority of the “spontaneous medial” lesions 
contained no demonstrable fat. When fat 
was found it was usually contained in 
phagocytes or fibrocytes lying in the base of 
the crater. In most cases only a small pro- 
portion of these cells contained fat. Only 
when the quantity of fat was unusually large 
was it found also in fibrocytes and phago- 
cytes in the wall of the crater. 

Yet another kind of lesion was seen in 
five rabbits, three of which had athero- 
sclerotic lesions elsewhere and three of 
which had “spontaneous medial” lesions. 
Clumps of from 5 to 50 phagocytes lay 
immediately under the endothelium. Some 
of the phagocytes were small, resembling 
the monocytes and lymphocytes of the blood, 
while others were larger, with irregular 
vacuolated cytoplasm. The clumps were 
commoner in the arch of the aorta. No fat 
was seen in them. 


Comment 


The hemorrhagic lipemia induced was of 
the type described in other reports.?*" A 
moderate hypercholesteremia develops with- 
in a few days and persists as long as the 
hemorrhage continues to act. The other 
types of serum lipids also increase in con- 
centration. 

Atherosclerotic lesions were found in 8 
of the 14 rabbits with hemorrhagic lipemia. 
The quantity of blood drawn in this experi- 
ment was greater than is likely to be taken 
for routine analyses, but clearly the possi- 
bility that hemorrhage may play some part 
in causing atherosclerotic lesions must be 
considered in all experiments in which blood 
samples are taken frequently. Although 
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there is a rough correlation between the 
degree of lipemia and the development of 
lesions, it should not be assumed that the 
small atherosclerotic lesions are due solely 
to the hyperlipemia. Other factors, such as 
ischemia or stress, may play some part. 

Morphologically the atherosclerotic lesions 

resembled those described by Duff, McMil- 
lan, and Ritchie ** in rabbits fed cholesterol. 
In the smaller lesions the number and ar- 
rangement of the intimal cells were not 
altered, but a few of the fibrocytes and 
histiocytes contained droplets of fat. In 
larger lesions phagocytes accumulated in the 
center of the lesion. Fat was found in some 
of these phagocytes as well as in some of 
the surrounding fibrocytes. With one ex- 
ception the lesions were all focal. The ex- 
ception was diffuse. In it there was no 
alteration in the number or arrangement of 
the intimal cells, but in most parts of the 
aorta many of the intimal fibrocytes and 
histiocytes contained droplets of fat. It can 
be concluded that the endogenous lipemia 
induced by hemorrhage is associated with 
atherosclerotic lesions of the same type as 
are associated with the exogenous lipemia 
induced by feeding cholesterol. 

One discrepancy was noted. Deposits of 
extracellular fat were found in 7 of the 
14 rabbits with hemorrhagic lipemia. Such 
deposits were not detected in the 250 rabbits 
fed cholesterol by Duff, McMillan, and 
Ritchie ** and studied by the surface tech- 
nique in the same way as were the rabbits 
with hemorrhagic lipemia. The significance 
of this difference is not clear. The extra- 
cellular deposits did not seem related to the 
small atherosclerotic lesions. They did not 
occur more frequently in rabbits with 
atherosclerotic lesions, and their distribution 
was not similar to that of the atherosclerotic 
lesions. It might be that the extracellular 
deposits were due to artifact, but if so the 
nature of the artifact is not apparent. More 
experience with the surface technique may 
elucidate the matter. 

The frequency of “spontaneous medial” 
lesions in rabbits should not be overlooked. 
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These lesions are common in untreated rab- 


LIPEMIA 


bits, and it is essential to be familiar with 
their appearance and distribution, lest they 
be mistakenly attributed to the experimental 


procedure. 
Summary 


Small atherosclerotic lesions were detected 
in the aortic intima of rabbits with hemor- 
rhagic lipemia. The morphology of these 
lesions and of the “spontaneous” lesions 
found in the experimental rabbits are de- 


scribed. 


Department of Pathology, Pathological Institute, 
McGill University (2) 
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The Inflammatory Response in Acute Alloxan 


Diabetes 


Enhanced Proliferation of Rhizopus and Micrococcus in Cutaneous 


Lesions of Rabbits 


MURIEL K. SCHAUBLE, M.D., and ROGER DENIO BAKER, M.D., Durham, N. C. 


The increased susceptibility of the diabetic 
patient to bacterial infections is generally 
recognized. In recent years evidence has 
accumulated which points to a similar in- 
creased susceptibility of diabetics to fungus 
infections, such as mucormycosis.’* 

After studying experimental staphylococ- 
cal skin lesions in rabbits with acute toxic 
alloxan diabetes, Cruickshank® reported 
that the inflammatory response was inhibited 
and attributed this lack of neutrophilic re- 
sponse to a state of peripheral vascular col- 
lapse and lowered body temperature. 

However, others have found no such fail- 
ure of inflammation when studying the 
fungus disease mucormycosis. For example, 
Elder and Baker,® in studying pulmonary 
mucormycosis in the acute alloxanized rab- 
bit, found no failure of inflammatory re- 
sponse to the intratracheal injection of 
Rhizopus spores; in fact, they felt that the 
inflammatory response somewhat 
greater in the acutely diabetic animals than 
in normal controls. 


was 


The present study was undertaken to de- 
fine the features of the inflammatory reac- 
tion to both a bacterium and a fungus in the 


Submitted for publication June 3, 1957. 

Aided by Grant E-861, National Microbiological 
Institute, National Institutes of Health, Depart- 
ment of Health, Education and Welfare. 

From the Department of Pathology, the Duke 
University School of Medicine, and the Veterans’ 


Administration Hospital. Research Assistant, De- 
partment of Pathology, Duke University School 
of Medicine (Dr. Schauble); Professor of 
Pathology, Duke University School of Medicine, 
and Chief, Laboratory Service, Veterans’ Admin- 
istration Hospital (Dr. Baker). 


rabbit with acute alloxan diabetes. It was 
hoped that information might be obtained 
regarding the similarity in increased suscep- 
tibility to both bacteria and fungus agents 
in acute alloxan diabetes in the face of re- 
ported dissimilarity in the nature of the 
acute inflammatory response to these two 
types of agents, Information was also sought 
regarding the pathogenesis of mucormycosis 
in the diabetic rabbit and the human. 


Materials and Methods 


To produce diabetes a single intravenous injec- 
tion of 200 mg. per kilogram of body weight of a 
freshly prepared 4% solution of alloxan in sterile 
isotonic saline was injected into male rabbits 2 to 3 
kg. in weight. Some of the rabbits required intra- 
venous and intraperitoneal injections of a solution 
of 50% dextrose in water during the first 12 to 18 
hours after injection to survive this rather severe 
hypoglycemic period. Insulin therapy was not 
necessary. 

Blood glucose levels (nonfasting) on oxalated 
blood samples were followed, with use of the 
micromethod of Folin and Wu” The carbon 
dioxide content of heparinized blood samples was 
determined by the method of Van Slyke.” These 
values were determined both at the time of intra- 
dermal injection and at the time of killing. Urine 
pH and rectal temperatures were checked on rep- 
resentative animals. 

Spore suspensions of Rhizopus oryzae, isolated 
from a fatal case of cerebral mucormycosis,” were 
prepared by pouring sterile Ringer's solution over 
Sabouraud’s glucose agar slants. The spores were 
separated by crushing the mycelia with a sterile 
loop while rotating the tube. Then the spores were 
counted in a hemocytometer and adjusted to ap- 
proximately 20,000 spores per cubic millimeter by 
centrifugation and resuspension. 

Twenty-four-hour broth cultures of a coagulase- 
positive Micrococcus pyogenes var. aureus, orig- 
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inally isolated from an abscess of the foot, were 
suspended in peptone water. The number of cocci 
per cubic centimeter was estimated by comparison 
with standard opacity tubes and adjusted to ap- 
proximately 600,000,000 cocci per cubic centimeter 

The backs of the rabbits were shaved and pre- 
pared with alcohol. Three 0.1 cc. injections of each 
suspension were then placed in separate intradermal 
sites. Control 0.1 cc. injections of Ringer's solution 
and peptone water were also made. The lesions 
were observed and measured grossly. The animals 
were killed with pentobarbital at time intervals 
from 24 to 72 hours after the intradermal injec- 
tions. Tissues were fixed in buffered formalin and 
microscopic sections prepared 


Results 


When rabbits are given 200 mg. of 
alloxan per kilogram of body weight, a 
hyperglycemic state develops within 24 
hours, accompanied by acidosis, peripheral 
circulatory collapse, and occasionally by 
hypercholesteremia.” These features consti- 
tute the acute toxic alloxan-diabetic state. 
The rabbit is lethargic, drinks large quan- 
tities of water, and does not eat well. In- 
jections of dextrose and insulin may be 
required to keep the animal alive. Rabbits 
with acute toxic alloxan diabetes included 
in this study displayed these features. It 
was necessary to select them from a larger 
number of alloxanized rabbits, as there was 
considerable variation in the reaction to 
alloxan. 

The duration of the acute state varies. The 
rabbit passes into the chronic state 5 to 13 
days after the original injection of alloxan. 
The principal findings of the chronic state 
are hyperglycemia, polyuria, polydipsia, and 
polyphagia. Acidosis, hypercholesteremia, 
and peripheral vascular collapse are not 
present. 

Tables 1 and 2 show the blood sugar and 
carbon dioxide content values and gross 
size of the lesions in the four normal con- 
trol, two chronic diabetic, and five acute 
diabetic rabbits in the 72-hour group. Urine 
pH values varied from 5.5 to 7.0 and bore 
little relationship to the degree of acidosis 
as measured by the determination of the 
carbon dioxide content. No urines were pos- 
itive for more than a trace of acetone. Rec- 
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tal temperatures did not vary significantly 
between groups, and no subnormal tempera- 
tures were noted. 

Rhizopus Lesions.—I\n the acutely toxic 
alloxan-diabetic rabbits at 24 hours there 
were germinating spores, swollen spores 
which stain brightly with eosin as opposed 
to the brown injected spores, and occasional 
branching hyphae. There was a_ good 
inflammatory response, with many polymor- 
phonuclear leukocytes which showed mini- 
mal fragmentation. At 48 hours more 
branching hyphae were present. There was 
loss of nuclear staining at the center of the 
lesions and increased nuclear fragmentation. 
A few lymphocytes and macrophages were 
present at the edges of the lesion. 

At 72 hours the lesions, as viewed from 
the under surface of the skin (Fig. 1A), 
were well circumscribed and pale, with a 
reddish center. Microscopically the transi- 


Fig. 1—A, subcutaneous aspect of a skin lesion 
produced 72 hours after the injection of Rhizopus 
oryzae into a rabbit with acute alloxan diabetes. 
B, neutrophilic response to a branching hypha in 
the skin of an acutely toxic alloxan-diabetic rabbit 
72 hours after the injection of Rhizopus oryzae 
(microscopic section from A); & 1460, 
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Taste 1.—Blood Values and Skin Lesions in Rabbits Given Injections Seventy-Two 
Hours of a Suspension of Spores 


Diameter Nuclear Ratio of 

Blood CO. of Gross Polymor- Fragmen- Vessel Branching 

Group Rabbits, Sugar, Content, Lesions, phonuclear tation of Involve- Hyphae to 
yf Mg./100 Ce, Vol. % Cm. Response P.M.N. ment Spores 


Acute diabetics 5 539 16.9 
Normal controls ‘4 200.8 


Chronic diabetics 2 487.5 41.2 


tion from spores to hyphae was marked, 
there being twice as many hyphae as spores 
(Table 1). The hyphae now showed an 
increased branching with longer filaments 
(Fig. 1B). At this time vessel invasion 
by hyphae was first noted. Hyphae were 
seen intravascularly as well as in the process 
of passing through the vessel wall (Fig. 2). 
Smaller vessels were thrombosed. 

In normal nondiabetic control rabbits at 
24 hours there were many nongerminating 
spores scattered throughout the tissue extra- 
cellularly. Occasional germinating spores 
were seen, and there were a few branching 
hyphae. There was a good inflammatory 
response, with large numbers of polymor- 
phonuclear cells. There was only minimal 
fragmentation of nuclei. At 48 hours the 
number of hyphae had increased. The in- 
flammatory reaction was brisk. It differed 
in character only in that there were a few 
lymphocytes and macrophages at the periph- 
ery of the lesion, 


Fig. 2.—Invasion of a vessel by Rhizopus oryzae 
in an acutely toxic alloxan-diabetic rabbit 72 hours 
after injection. Methenamine silver stain; 200. 
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At 72 hours there was one branching 
hypha to every two germinating spores, as 
shown in Table | by the ratio 0.52. There 
was little change in the inflammatory reac- 
tion. The polymorphonuclear cells did not 
pick up the spores but merely congregated 
about them (Fig. 3). 

The lesions in the chronic alloxan rabbits 
were indistinguishable from those in the nor- 
mal controls, 

Micrococcal Lesions.—I\n the acute toxic 
alloxan-diabetic rabbits at 24 hours bacteria 
were present in large numbers, largely 
extracellular position, some in clumps. There 
was an excellent polymorphonuclear inflam- 
matory response (lig. 4), forming a focal 
lesion consisting of a central aggregation 
of cocci and hyaline cytoplasm with a sur- 
rounding zone of viable polymorphonuclear 
cells (Fig. 5). By 48 hours bacteria were 
more scattered, and many were intracellular. 
The focal lesion was closely packed with 


Fig. 3.—Neutrophilic response to a transforming 
spore in the skin of a normal control rabbit 72 
hours after the injection of Rhizopus oryzae; 


x 1460. 


= 
$65 


- . 

Fig. 4.—Neutrophilic exudate 24 hours after the 
injection of Micrococcus pyogenes into the skin 
of an acutely toxic alloxan diabetic rabbit with a 
blood sugar of 600 mg. per 100 cc. and CO, con- 
tent of 18 vol.% from pale ring-like area of Fig. 
5; & 1400 


Fig. 6.—A, subcutaneous aspect of a skin lesion 
of a rabbit produced by Micrococcus pyogenes. 
Note that the lesion is more diffuse and injected 
than that produced by Rhizopus oryzae, as shown 
in Figure 14. B, clumps of abundant Micrococcus 
pyogenes in skin lesion of an acutely toxic alloxan- 
diabetic rabbit with a good neutrophilic response 
at 72 hours after injection of the fungus. Mac- 
Callum bacterial stain; 1 
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Fig. 5.—Micrococcal lesion in an acutely toxic 
alloxan-diabetic rabbit 24 hours after injection; 
x 58. 


polymorphonuclear cells. Lymphocytes and 
macrophages were found at the periphery 
of the lesion. At 72 hours the gross lesion 
was large and red, as shown in the photo- 
graph of the under surface of the skin 
(Fig. 64). Bacteria were very numerous, 
more so than at 24 hours. Many were seen 
in short chains and in large clumps ( Fig. 
6B). The polymorphonuclear cells remained 
numerous. Pyknotic nuclei were noted, and 


Fig. 7.—Neutrophilic response in an acutely toxic 
alloxan-diabetic rabbit 72 hours after the injection 
of Micrococcus pyogenes. Note nuclear frag- 
mentation; 1460. 
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Fig. 8.—Micrococcus pyogenes in the skin of 
a normal control rabbit 72 hours after injection. 
Note the small number of organisms and _ their 
intracellular position (contrast with Fig. 62). 
MacCallum bacteria stain; * 1460. 


there was considerable karyorrhexis ( Fig. 
7). 

In normal nondiabetic control rabbits at 
24 and 48 hours the bacteria tended to de- 
crease in number and become intracellular, 
and the polymorphonuclear reaction was 
well-marked at 24 hours. By 72 hours the 
bacteria were few in number and largely 
intracellular (Fig. 8). There was minimal 
karyorrhexis and little tissue destruction— 
better appreciated in the hematoxylin and 
eosin stain (Fig. 9). 

In the chronic diabetic rabbits given in- 
jections of the bacteria the microscopic pic- 
ture differed in no essential feature from 
that of the normal controls, as may be seen 


from Table 2. 


awe 1 


Fig. a ee response in the skin of a 
normal control rabbit 72 hours after the injection 
of Micrococcus pyogenes, Note minimal nuclear 
fragmentation of polymorphonuclear cells (con- 
trast with Fig. 7); & 1460. 


Comment 


In the present study the inflammatory 
response to both Rhizopus and Micrococcus 
in skin lesions of acutely toxic alloxan-dia- 
betic rabbits was found to be entirely ade- 
quate. Cruickshank® found an almost 
complete lack of inflammatory response to 
the subcutaneous injection of coagulase- 
positive micrococci in his acutely diabetic 
rabbits. This difference in the polymor- 
phonuclear response is difficult to explain, 
since the experimental situation Cruickshank 
used was duplicated by using comparable 
and the alloxan-dia- 
betic state was carefully documented. 

Cruickshank himself out the 
similarity of his findings to those of Miles 


doses of micrococci 


points 


Taste 2.—Blood |'alues and Skin Lesions in Rabbits Given Injections Seventy-Two 


Average 


Gross 

Blood CO; 
Sugar, Content, 
Mg./100Ce. Vol. G Cm. 


Group Rabbits, 
No. 


Acute diabetics 5 bau 16.9 10 


Normal controls 


Chronic diabetics 


chaubli —Baker 


Diameter 
of Lesions, 


Hours Previously of a Micrococcus Pyogenes Suspension 


Nuclear 
Fragmen- Presence 
tation of of 
P.M.N. Macrophages 


Presence and 
Location of 
Bacteria 


Many in clumps; 
largely extra- 
cellular 


Few, largely in- 
tracellular 


Few, largely in- 
tracellular 
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and Niven,” who worked on shock, and 
that of Pickrell,"" who found a nonspecific 
failure of the inflammatory response in rab- 
bits in toxic stupor. It seems likely that 
Cruickshank’s rabbits were in terminal toxic 
shock from alloxan poisoning. 

No failure of inflammatory response has 
been noted in human cases of mucormycosis 
in diabetic patients. In two cases of fatal 
cerebral mucormycosis presented by Bauer 
et al? occurring in diabetic patients in 
severe acidosis, there was a good inflam- 
matory response to the fungus, 

Gregory et al.'* presented three cases of 
cerebral mucormycosis in diabetics in severe 
acidosis and coma. Two of the three were 
found to have a marked inflammatory re- 
sponse. The third showed little cellular re- 
action. There is the possibility that in this 
case inadequate blood suppy to the brain 
due to infarction of cerebral vessels may 
have prevented the inflammatory response. 

These observations on human cases, the 
present work, and the experimental studies 
cited in the introduction indicate that the 
increased susceptibility of diabetic patients 
to disease is not due to a failure of the 
migration of the polymorphonuclear cells to 
the site of infection. 

There was increased proliferation of 
Rhizopus and Micrococcus in the skin 
lesions of the acutely toxic alloxan-diabetic 
rabbits. How can this increased suscepti- 
bility be explained? It might be argued that 
the inflammatory reaction was delayed or 
inhibited initially and that the organisms 
thus had a head start. However, in the 
present study lesions observed at 24 hours 
showed the inflammatory response was al- 
ready excellent. This indicated that the in- 
creased proliferation of the organisms was 
not due to lack of early inflammation. The 
organism continues to proliferate in an ac- 
celerated fashion after the inflammatory re- 
action is well established as demonstrated 
by the microscopic findings at 48 and 72 
hours in the acute diabetic study. This sug- 
gests that some factor other than the 
presence or absence of cellular inflammation 
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is responsible for the enhanced proliferation 
of the organisms. The increased nuclear 
fragmentation may merely indicate the death 
of more neutrophils in an area where the 
infecting agent is proliferating. Thus the 
factor which permits greater proliferation of 
living agents in the acutely toxic diabetic 
state has not yet been defined. 


Summary 

In order to study the inflammatory re- 
sponse, suspensions of Micrococcus pyo- 
genes var. aureus and spores of Rhizopus 
oryzae were injected intracutaneously into 
three groups of rabbits: (1) those in the 
acute toxic phase of alloxan diabetes, (2) 
those in the chronic phase of alloxan dia- 
betes, and (3) normal controls. 

There was a good polymorphonuclear 
response to both the Micrococcus and the 
Rhizopus in the acute toxic alloxan as well 
as in the normal control and chronic diabetic 
rabbits. 

There was greater proliferation of both 
Micrococcus and Rhizopus in cutaneous 
lesions in acutely toxic alloxan-diabetic than 
in the normal or chronic diabetic rabbits. 
The increase in proliferation was accom- 
panied in the Rhizopus lesions by vascular 
invasion by the organism. This is a charac- 
teristic finding in human cases and experi- 
mental lesions where the fungus is actively 
proliferating. 

Greater nuclear fragmentation of the 
polymorphonuclear cells was noted in the 
lesions of rabbits in the acute toxic stage 
of alloxan diabetes, It was impossible to 
determine whether this increased fragmen- 
tation was caused by increased proliferation 
of the infecting agents. 

It is concluded that there is a good in- 
flammatory response to both Micrococcus 
and Rhizopus in experimental alloxan dia- 
betes and that the increased susceptibility 
to these organisms in the acute diabetic state 
is not due to a failure of migration of 
polymorphonuclear cells to the site of in- 
fection but to some other factor. 
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Numerous procedures, if carried out dur- 
ing or immediately following a period of 
cholesterol feeding in rabbits, are reported 
to reduce the amount of lipid deposited in 
arteries. These include the administration 
of potassium iodide,’ potassium  thiocya- 
nate,? organic iodine compounds,’ alcohol,* 
alloxan,® testosterone and estradiol com- 
pounds,® intravenous detergents,’ inositol,” 
choline,” heparin,” low-calory diets,"' sitos- 
terol,"* dihydrocholesterol,"* 
cortisone,"®'? elastase," and chlorproma- 
zine.” It is evident, therefore, that the 
mechanism by which rabbits absorb and 
deposit ingested cholesterol can be impaired 
in many diverse ways. However, it should 
be noted that many other procedures have 
failed to influence arterial lipid deposition 
in cholesterol-fed rabbits and that there are 
other reports that fail to confirm some of 
the above-mentioned experiments. These 
are reviewed by Katz and Stamler.” A 
few procedures have increased the rate of 
arterial lipid deposition in cholesterol-fed 
rabbits. The most convincing experiments 
of this type are those in which the procedure 
caused independent arterial damage, such as 
repeated injections of large amounts of 
epinephrine or of irradiated ergosterol. 


Submitted for publication May 8, 1957. 


This investigation was supported by Research 
Grant from the National Heart Institute of N. | 
H. Public Health Service 


From the Laboratory Service, New York 
Veteran's Administration Hospital and Depart- 
ment of Pathology, New York University College 
of Medicine. Chief of Laboratory Service, New 
York Veteran's Administration Hospital and Pro- 


fessor of Pathology, New York University Col- 
lege of Medicine (Dr. Wilens); Assistant in 
Pathology, New York University College of Medi- 
cine (Dr. Gallo) 


570 


The Effect of Chlorpromazine on Arterial Lipid 
Deposition in Rabbits After Cholesterol Feeding 


SIGMUND |. WILENS, M.D., and GLORIA GALLO, M.D., New York 


The question arises whether or not pro- 
cedures that affect the deposition of lipid in 
arteries of rabbits during a period of cho- 
lesterol feeding would influence spontaneous 
lipid deposition in arteries of man. There 
is little to suggest that this is true. Some 
of these regimens fail to have an inhibitory 
effect if carried out on cholesterol-fed 
chickens. For example, the ingestion of 
alcohol by cholesterol-fed fowl fails to re- 
tard arterial lipid deposition."  Further- 
more, some of the procedures that have an 
inhibitory effect in rabbits are ones that 
might even accelerate arterial lipid deposi- 
tion in human atherosclerosis. For example, 
diabetes and hyperfunction of the adrenal 
cortex are believed to accentuate human 
atherosclerosis, whereas alloxan diabetes 
and cortisone administration inhibit the 
process in cholesterol-fed rabbits. 

If rabbits are fed stock diets with low 
cholesterol content after a sustained period 
of cholesterol feeding, the blood cholesterol 
levels return to almost normal values in a 
period from four to eight weeks and lipid 
deposits in the liver, spleen, and other 
parenchymatous tissues are largely resorbed. 
The arterial lipid deposits, however, persist 
for very long periods and only gradually 
undergo fibrous replacement. The circum- 
stances associated with rabbit arterial lesions 
in postcholesterol feeding periods are more 
closely analogous to those in man, in whom 
arterial lipid deposits are not ordinarily 
associated with marked hypercholesteremia 
or visceral deposits of cholesterol. Any 
procedure that would accelerate the regres- 
sion of lesions in this stage would be more 
likely to act with equal effectiveness on the 
atherosclerotic lesions of man. The present 
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CHLORPROMAZINE AND ARTERIAL LIPID DEPOSITION 


Taste 1.—Comparison of Blood Cholesterol in Rabbits Subsequently Treated with 
Chlorpromazine and in Controls After Nine Weeks of Cholesterol Feeding 


Group II Difference 


Group I 


Pair No. (Chlorpromazine-T reated), 
Mg./100 Ce. 


2,955 
2,185 
2,160 
2,150 
1,940 
1,915 
1,730 
1,675 
1,520 
1,000 
1,932 


Controls), (Group I over Group 11), 
Mg./100 Ce. Mg./100 Ce, 


2,315 
2,135 


investigation was undertaken in order to 
determine if chlorpromazine given after an 
initial period of cholesterol feeding would 
accelerate the restoration of normal blood 
cholesterol levels and reduce the amount of 
lipid deposited in arteries. 


Materials and Methods 


Twenty-four albino female rabbits weighing from 
2100 to 2600 gm. were fed a daily ration of 100 
gm. of rabbit-food pellets to which 1 gm. of 
cholesterol was added as previously described.” 
Daily food consumption and biweekly body weights 
were recorded. Blood cholesterol determinations 
(Sperry-Schoenheimer) were done after the first 
and ninth weeks. Two animals died during the 
feeding period. At the end of the 10th week, 
the 22 survivors were given stock diet ad lib. 
without added cholesterol. Eleven of these were 
given daily intramuscular injections of 10 mg. 
per kilogram of body weight of chlorpromazine 
(Thorazine Hydrochloride, supplied by Smith, 
Kline & French Laboratories) for 10 weeks. The 
rabbits were paired so that each one in the chlor- 
promazine-treated group had a _ higher blood 
cholesterol value at the end of nine weeks than 
its corresponding mate in the control group (Table 
1). If the amount of lipid deposited in arteries 
is related to the severity of hypercholesterolemia, 
the chlorpromazine-treated group should have had 
more extensive lesions at this time. 

Additional blood cholesterol determinations were 
done at the end of the 13th, 17th, and 20th weeks. 
One chlorpromazine-treated and one control rabbit 
died during the second 10-week period of the 
experiment. The 20 survivors were killed after 20 
weeks, and the aortas were examined for lipid 
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deposits as previously described.” Routine histo- 
logic sections were prepared from all viscera. 


Results 


Arterial Lipid De position.—The extent of 
lipid deposition in the aortas, heart valves, 
and pulmonary arteries of 10 rabbits that 
were fed cholesterol daily for 10 weeks and 
then permitted to eat stock diets without 
added cholesterol for 10 more weeks was as 
great, if not greater, than we have iound in 
previous experiments '?* in rabbits killed 
at the end of a 10-week cholesterol-feeding 
period. This suggests that lipid resorption 
is very slow and that there may even be 
considerable progression of the lesions dure 
ing the period after cholesterol feeding has 
been stopped but in which the blood cho- 
lesterol levels are still high. 

Arterial lipid deposits were less extensive 
in the 10 rabbits that received daily chlor- 
promazine injections in the 10-week post- 
cholesterol-feeding period (Table 2 and 


Taste 2.—Arterial Lipid Deposition in Rabbits 
Treated with Chlorpromazine for Ten Weeks 
eri 


Degree of Arterial Lipid 
Deposition, No. Animals 


Group 
Marked Moderate Slight 
Chiorpromazine-treated 2 2 6 
Controls 5 2 3 


¢ 
« 
1 640 
2 50 
3 1,980 180 
4 1,950 200 
5 1,500 350 
1,570 345 
7 1,475 265 ; 
1460 215 
y 865, 655 
635 355 
Mean 1,508 334 


CHOLESTEROL & 
CHLORPROMAZINE 


Figure). In six of these, lipid deposits 
were limited to the arch of the aorta and 
to small flecks around the margins of branch 
orifices; in only two were extensive deposits 
found. However, the difference in extent of 
lipid deposition in this group as a whole 
and in the control group that did not receive 
chlorpromazine was not nearly as pro- 
nounced as in a previous experiment in 
which chlorpromazine was given during the 
cholesterol-feeding period. Furthermore, 
the gross and microscopic appearance of the 
lesions in the two groups were indistin- 
guishable. There was no evidence from the 
gharacter of the lesions that lipid had been 
actively resorbed from the aortas of the 
chlorpromazine-treated group. 

Blood Cholesterol Levels —The mean 
blood cholesterol of the 10 rabbits that were 
subsequently given injections of chlorproma- 
zine was 1932 mg. per 100 ce, after nine 
weeks of cholesterol feeding; that of the 10 
control rabbits was 1598 mg. per 100 cc. at 
the same stage of the experiment. In Table 
1 it may be seen that the chlorpromazine 
group as a whole had higher blood choles- 
terol levels prior to treatment than the 
controls. The fact that the chlorpromazine 
group of animals had less lipid deposition 
at the end of the experiment than did the 
10 untreated controls, with lower mean 
cholesterol levels near the end of the choles- 
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Extent of aortic lipid 
deposition in rabbits given 
injections of chlorpro- 
mazine after cholesterol 
feeding compared with 
that rabbits fed 
cholesterol only. 
areas represent portions 
of intima covered by 
sudanophilic lipid  de- 
posits. 


terol-feeding period, suggests that the differ- 
ence in arterial lipid deposition was not due 
to accidental variations in hypercholestere- 
mic responses to ingested cholesterol. It 
must be admitted, however, that no very 
close individual correlation between the 
blood cholesterol level at the ninth week 
of cholesterol feeding and the extent of 
aortic lipid deposition found 11 weeks later 
at necropsy was possible in either group. 
The control rabbit with the highest level 
(2315 mg. per 100 ce.) had only slight 
deposits. A control rabbit in which the blood 
cholesterol was only 635 mg. per 100 cc. at 
nine weeks had severe lipid deposition when 
killed. A chlorpromazine-treated rabbit with 
one of the lowest blood cholesterol values at 
nine weeks in this group (1675 mg. per 100 
ce.) had severe lipid depositions when killed. 

The blood cholesterol levels of all rabbits 
fell rapidly when cholesterol feeding was 
stopped, so that after three weeks it was 
70% to 80% below the peak values. The 
data in Table 3 show that the mean fall in 
the chlorpromazine-treated group was 367 
mg. per 100 cc. greater than in the controls 
but that the actual mean values in both 
groups at the 13th week were about the 
same. Thereafter the rate of fall was 
slower, but by the 20th week the mean level 
of the control group (82 mg. per 100 cc.) 
was within normal limits. The mean cho- 
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TasLe 3.—Effect of Chlorpromazine on Blood Cholesterol of Rabbits After 
Cholesterol Feeding 


Mean Cholesterol, Mg./100 Ce. 


Fall From Previous Level, Mg./100 Ce. 


Chlorpromazine 
Treated 


Controls 


Chiorpromazine- Controls 
Treated 


1,508 
441 
132 
82 


1,524 
252 
5 


lesterol level in the chlorpromazine group 
fell to 156 mg. per 100 cc. by the 17th week 
but remained at about this level at the 20th 
week. As previously reported,” chlorpro- 
mazine can cause mild elevations of blood 
cholesterol when given to normal rabbits. 
Weight Gain.—During the cholesterol- 
feeding period the 10 rabbits subsequently 
given injections of chlorpromazine gained 
a mean total of 555 gm. The 10 control 
rabbits gained about the same amount 
(mean, 473 gm.). In the two-week period 
after cholesterol feeding was stopped both 
groups showed a marked weight gain, but 
this was greater in the controls (438 gm.) 
than in those receiving daily injections of 
chlorpromazine (mean, 329 gm.). The con- 
trol group continued to gain weight rapidly 
throughout the remaining eight weeks, so 
that the total mean increase during the 10- 
week post-cholesterol-feeding period was 
1058 gm. The rabbits given injections of 
chlorpromazine showed a slower rate of 
weight gain until the 16th week and there- 
after failed to gain any further weight. 
When the rabbits were killed, the mean 
weight gain in this group during the post- 
cholesterol-feeding period was only 473 gm. 
At necropsy the difference in weight in the 


Taste 4.—Effect of Cholesterol Feeding and Chlorpromazine Injections on Body 
Weight of Rabbits 


two groups appeared to be largely the result 
of differences in the size of the fat depots, 
particularly in the retroperitoneal areas. 

Liver Weight.—In a previous experiment 
it was noted that livers of rabbits receiving 
both cholesterol and chlorpromazine simul- 
taneously were considerably smaller than 
those of rabbits receiving only cholesterol. 
The same finding was observed in the pres- 
ent experiment, in which chlorpromazine 
injections were begun after cholesterol feed- 
ing was discontinued. In this group the 
mean liver weight was 96.8 gm. (maximum, 
127; minimum, 73 gm.). The mean weight 
of the liver in the rabbits given injections of 
chlorpromazine was 140 gm. (maximum, 
195; minimum, 101 gm.). This difference 
was not due to differences in size of the 
animals when killed, since the mean heart 
and kidney weights and mean spleen lengths 
were the same in both groups. 

Much of the difference in liver weight 
was probably the result of coccidial infec- 
tion. In 6 of the 10 rabbits that received 
no chlorpromazine there was gross evidence 
of coccidiosis of varying extent, and the 
livers of these animals were unusually heavy 
(mean, 153 gm.). However, the mean 
weight (120 gm.) of the four livers in this 


Mean Body Weight, Gm. 


Mean Gain From Previous Weight, Gm. 


Controls 


Chiorpromazine- 
Treated 


W/slens—Gallo 


Wk. of End of — — 
1,982 
13 3 408 1,187 
17 7 156 309 
10 151 
Wk. After) - 4 
Wk. of End of Chlorpromazine Controls — 
Experiment Feeding Treated 
0 2,226 2,473 
10 0 2,783 2,046 565 473 
12 2 3,112 3,384 320 438 cit 
» 0 4.240 4,004 179 
$73 


group that showed no gross evidence of 
coccidiosis was well above that of the chlor- 
promazine-treated group. It is remarkable 
that none of the livers of the chlorproma- 
zine-treated rabbits showed gross coccidial 
lesions, as all animals were received at the 
same time from the same source, were of 
approximately the same initial weight and 
age, and were housed together. It is possible 
that chlorpromazine treatment may retard 
the development of this spontaneous liver 
lesion. 

The occurrence of gross coccidiosis in 
only the controls raises the question as to 
whether the differences in arterial lipid 
deposition observed may have been influ- 
enced by this coincidental finding. In four 
rabbits with marked coccidiosis there were 
slight arterial lipid deposits; in one with 
slight coccidiosis arterial lipid was marked. 
In the four rabbits of this group without 
gross evidence of coccidiosis, one had ex- 
tensive; two, moderate, and one, slight ar- 
terial lipid deposition. The histological 
appearance of the livers of the two groups 
showed no other significant differences. In 
neither group were abnormal accumulations 
of lipid present. 


Comment 


There are at least four possible explana- 
tions for the moderate degree of apparent 
inhibition of arterial lipid deposition ob- 
served in the chlorpromazine-treated rabbits. 
1. The more rapid drop in blood cholesterol 
in this group than in the controls during the 
three-week period after cholesterol feeding 
was stopped may have slowed down pro- 
gression of the lesions. 2. The differences 
in arterial lipid deposition may be related 
to retarded weight gain in the chlorproma- 
zine-treated group during the last weeks of 
the experiment. 3. The development of 
coccidiosis in the control group may be the 
responsible factor. 4. The differences in 
lipid deposition may be within the limits 
of accidental variation and not related to 
the experimental procedures. 
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Of these four possible explanations the 
last two seem the least likely. In our pre- 
vious experience with cholesterol-feeding 
experiments in rabbits coincidental coccidio- 
sis has not been a factor in the degree of 
arterial lipid deposition observed. Consid- 
erable individual variation in the degree of 
lipid deposition is observed in different 
rabbits under identical regimens. It is our 
opinion, however, that the differences ob- 
served in the two groups of the present 
experiment are greater than would occur by 
chance variation, especially since the rabbits 
with the highest blood cholesterol values at 
the end of the cholesterol-feeding period 
were included in the chlorpromazine-treated 
group and several of these showed the least 
degree of arterial lipid deposition. 

Either of the first two explanations of- 
fered could account for the reduced amount 
of arterial lipid deposition observed in the 
chlorpromazine-treated group. There is 
considerable evidence that rabbits that main- 
tain or gain weight during cholesterol-feed- 
ing periods develop greater degrees of 
arterial lipid deposition than those that lose 
weight. McMillan, Whiteside, and Duff,”* 
however, found that reduced food intake 
following a period of cholesterol feeding did 
not accelerate regression of lesions that had 
previously formed. As_ previously re- 
ported,” chlorpromazine administration dur- 
ing a period of cholesterol feeding reduces 
the degree of hypercholesteremia that will 
develop. The rapid fall in blood cholesterol 
during the three-week period after choles- 
terol feeding was stopped may have been 
accelerated in the chlorpromazine-treated 
rabbits in an analogous fashion. This would 
correspond to observations by Hollister and 
Kanter ** in man, in which it was found 
that chlorpromazine often causes a sharp 
drop of blood lipids in persons with hyper- 
lipemia, whereas it has little effect on the 
usual blood lipid levels of normal subjects. 
If this latter explanation is correct it would 
indicate that inhibition of arterial lipid 
deposition observed chlorpromazine- 
treated rabbits during a cholesterol-feeding 
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period is not due to decreased absorption 
of cholesterol from the intestine but is more 
likely the result of increased removal of 
cholesterol from the blood by the liver. 

As already suggested, there is no reason 
to believe that appreciable absorption of 
lipid from arterial walls occurred in any of 
the rabbits under observation. On the con- 
trary, our observations suggest that lipid 
may continue to deposit in the walls of ar- 
teries of rabbits after cholesterol feeding 
is stopped until the blood cholesterol levels 
fall to relatively normal values. If this is 
true, in regression experiments designed to 
determine the rate of removal of lipid from 
arterial lesions the period of observation 
should begin when the blood cholesterol 
levels have become normal and not, as has 
been the case in several reports, when cho- 
lesterol feeding is stopped. 


Summary 


Rabbits were permitted to eat normal diets 
for 10 weeks after an initial 10-week period 
of cholesterol feeding. Blood cholesterol 
levels returned to normal, and visceral de- 
posits of lipid were resorbed during this 
time. Arterial lipid deposits, however, per- 
sisted and may even have been more exten- 
sive than if the rabbits were killed at the 
end of the cholesterol-feeding period. 

Chlorpromazine administered to rabbits 
after a 10-week period of cholesterol feeding 
accelerated the rate of fall of blood choles- 
terol levels. 

A moderate reduction in extent of arterial 
deposit was found in rabbits receiving 
chlorpromazine during the post-cholesterol- 
feeding period, as compared to control 
rabbits which did not receive the drug. This 
difference is attributed to the more rapid 
fall in blood cholesterol following cholesterol 
feeding in the chlorpromazine-treated group, 
rather than to resorption of previously 
formed lipid deposits. 


Depariment of Pathology, New York University 
College of Medicine, 550 First Ave. (16). 
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Acid Mucopolysaccharides in the Histopathogenesis 
of Aortic Aneurysms in the Lathyrus-Fed Rat 


ZOLTON T. WIRTSCHAFTER, M.D., Portland, Ore. 


Since Ponseti and Baird ' produced aortic 
aneurysms by feeding Lathyrus odoratus to 
rats, ak observers have agreed that fibro- 
blastic proliferation can always be observed 
at the site of the aneurysm.** Some have 
shown involvement of the elastic tissue **; 
some, that the lesion was single’; some, 
that the lesions are multiple,’ and still others 
found evidence that this is a metabolic dis- 
ease.® 

Fibroblasts are associated with the metab- 
olism of acid mucopolysaccharides. In fact, 
some authors believe that the fibroblasts 
themselves elaborate this material.5* There- 
fore, the aim of this study was to observe 
whether an increase in acid mucopolysac- 
charides parallels the increase of fibroblastic 
proliferation. 

Further, in order to determine whether 
this increase was present at the site only 
of the aneurysm or whether the increase 
was present throughout the aorta, sections 
distant to the site of the aortic aneurysm 
were also examined for the presence of acid 
mucopolysaccharides. Serial sections, there- 
fore, were stained with hematoxylin and 
eosin, Verhoeff and Van Gieson stains for 
elastic fibers, and Hale's’ colloidal iron for 
acid mucopolysaccharides. 


Methods and Materials 


Diet.—From the time of weaning until autopsy, 
three to six weeks later, all experimental animals 
were maintained on a diet that consisted of a mix- 
ture of 1:1 proportion of the control ration and 
finely ground seeds of the pea, Lathyrus odoratus. 


Submitted for publication May 13, 1957. 
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The normal control rats were maintained through- 
out the period on the control, i. e., stock, diet. 

Animals.—Weanling rats of the Long-Evans 
strain were used in this experiment. The control 
group consisted of 4 weanlings of each sex, and 
the experimental group consisted of 12 weanlings 
of each sex. 

Autopsy.—Autopsy was done on experimental 
and control rats at 6, 7, 8, and 9 weeks of age. 
The heart and the aorta were excised and directly 
immersed in Helly’s fluid. These organs were 
subsequently imbedded in tissue mat, and_ serial 
sections in ribbon form were cut through the tissue 
at the aneurysm sites and through the tissue distant 
to the aneurysm sites. Serial sections were stained 
with hematoxylin and eosin for differentiations 
of chromatin and cytoplasm; secondly they were 
stained for elastic fibers according to the technique 
of Verhoeff and counterstained for collagen fibers 
with Van Gieson’s picrofuchsin mixture, and 
finally sections were stained with colloidal iron for 
the demonstration of acid mucopolysaccharides, as 
described by Hale’ and modified by Rinehart." 


Results 


Sections stained with hematoxylin and 
eosin demonstrate the histopathological 
changes observed in the aortic walls of 
Lathyrus-fed rats. 

It is evident when one compares at a 
magnification of 680 the longitudinal section 
of the thoracic aorta of a normal control 
rat with the longitudinal section of the 
thoracic aorta of an experimental rat taken 
at some distance from the aneurysmal site 
that there is a reduction in the number of 
elastic laminae, elastolysis, and a fragmen- 
tation of the elastic elements (Fig. 2). Par- 
ticularly noticeable are the absence of 
smooth muscle cells and the hyperplasia and 
hypertrophy of fibroblasts, of which many 
possess atypical nuclei (Fig. 2). A section 
taken at the aneurysmal site shows a marked 
proliferation of fibroblasts (Fig. 3). 
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Fig. 1.—Thoracic aorta 
of normal control rat 
Longitudinal section; 
hematoxylin and eosin; 
reduced approximately 
40% from mag. > 680 


Fig. 3.—Thoracie aorta 
of an experimental rat 
taken at an aneurysm site 
(compare Fig. 1). Pro 
liferation of fibroblasts ts 
especially well demon 
strated in this preparation 
Longitudinal section ; 
hematoxylin and eosin; 
reduced approximately 
40% from mag. & O80 
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Fig. 2.—Thoracic aorta 
of an experimental rat 
taken distant to an 
aneurysm site (compare 
Fig. 1). A reduction in 
the number of elastic 
laminae, elastolysis, and 
fragmentation of elastic 
elements are evident in 
this preparation. Note in 
particular the absence of 
smooth muscle cells and 
the hyperplasia and hy- 
pertrophy of fibroblasts, 
many of which possess 
atypical nuclei. Longi- 
tudinal section; hema- 
toxylin and eosin; reduced 
approximately 40% from 
mag. < 680. 
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ACID MUCOPOLYSACCHARIDES IN LATHYRUS-FED RAT 


The morphologic alterations are not re- 
stricted to the sites of aneurysms and are 
evident at sites taken distant to the aneu- 
rysm. Sections of the experimental aortas 
and aneurysms reveal the following: (1) 
increase in aortic wall thickness, (2) fibro- 
cytic hyperplasia and hypertrophy, (3) de- 
crease in the of elastic laminae 
accompanied by some thickening of these 
structures, and (4) disorganization of nor- 
mal morphology, especially in the aneu- 


number 


rysms. 

Verhoeff and Van Gieson staining results 
in better visualization of the elastic fibers 
and associated structures for morphologic 
studies. 

When at a magnification of 680 the longi- 
tudinal sections of the thoracic aorta of an 
experimental rat taken at some distance 
from the site of aneurysm are compared 
with the longitudinal section of the thoracic 
aorta of a normal control rat, the reduction 
in the number of elastic laminae, the in- 
crease in width of some laminae, and the 
loss of elastic interlaminar fibrils can be 
seen. There is evidence a hyperplasia of 
fibroblasts and a disruption in the orderly 
one-cell-thick distribution between the lam- 
inae (Fig. 4). A taken at the 
aneurysmal site (lig. 6) shows that the 
morphological alterations observed elsewhere 
in the aorta of the experimental rat are 


section 
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Fig. 4.—Thoracic aorta 
of a normal control rat. 
Longitudinal section ; 
Verhoeff and Van Gieson 
stain; reduced approxi- 
mately 40% from mag. 
680. 


Thoracic aorta of an experimental rat 
taken distant to an aneurysm site (compare Fig. 
4). Note the reduction in the number of elastic 
laminae, the increase in width of some laminae, 


Fig. 5. 


and the loss of elastic interlaminar fibrils. A 
hyperplasia of fibroblasts is evident, and the orderly 
one-cell-thick distribution observed between the 
laminae of the control is disrupted. Longitudinal 


section; Verhoeff and Van Gieson stain; reduced 
from mag. >< 680. 
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essentially the same as those taken distant 
to the aneurysmal site ( Fig. 5), except that 
at the aneurysm site itself the nuclear detail 
is apparently masked by the increase of 
intercellular substance. 

Sections of the aorta of the experimental 
animals demonstrate (1) absence of the fine 
black-staining interlaminar elastic _ fibers, 
(2) that the interlaminar spaces are greatly 
increased as a result of fibrocytic hyper- 
plasia and hypertrophy, and (3) increase in 
the thickness of the laminae. 


Fig. 7.—Thoracic aorta 
of normal control rat 
This preparation was 
stained by the Hale 
method for acid muco- 
polysaccharides and pho- 
tographed with the aid 
of a filter, The technique 
employed resulted in the 
photographs presented 
here, in which the muco- 
polysaccharides appear as 
dark masses between the 
elastic laminae. The col 
lagenous fiber bundles of 
the tunica adventitia also 
appear dark in these 
photographs but can be 
differentiated from the 
mucopolysaccharides — in 
the photograph by their 
position (tunica adventitia 
is at bottom of photo 
graph). Direct observa 
tion reveals that in these 
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Fig. 6.—Thoracie aorta 
of an experimental rat 
taken through an aneu- 
rysm site (compare Fig. 
4). It will be noted in 
this preparation that the 
morphologic alterations 
observed elsewhere in the 
aorta of the experimental 
rat are essentially the 
same as those seen here; 
the only variation ob- 
served at the aneurysm 
site is the addition of 
blood elements and an in- 
tensification of the same 
pathological changes ob- 
served elsewhere in the 
aorta wall. Nuclear detail 
is apparently masked by 
the increase inter- 
cellular substance. Longi- 
tudinal section; Verhoeff 
and Van Gieson stain; 
reduced approximately 
40% from mag. 680. 


Colloidal iron sections (Hale's stain for 
acid mucopolysaccharides ) demonstrate an 
increase of this blue-staining material in 
the ground substances of the experimental 
aorta and at the site of the aneurysm, at 
which site there is an even greater intensity 
of the staining reaction. 

Direct microscopic observation of a lengi- 
tudinal section of the thoracic aorta of a 
normal control rat reveals that in these prep- 
arations the collagen appears as a red-to- 


preparations the collagen appears as a red-to-purple-stained material, whereas the mucopolysaccharides 


are bright blue. Longitudinal section; Hale's acid mucopolysaccharide stain; reduced 


40% 
S80 


from mag. & 680 


approximately 
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ACID MUCOPOLYSACCHARIDES IN LATHYRUS-FED RAT 


Fig. 8.—Thoracic aorta 
of aa experimental rat 
taken distant to an aneu- 
rysm site (compare Fig. 
7). All of the patho- 
logical changes observed 
in the foregoing figures 
are in evidence here, and 
in addition an increase 
in the acid mucopolysac- 
charides is exhibited 
Note the high concentra- 
tion of this material along 
the surfaces of the elastic 
laminae. Longitudinal sec- 
tion; Hale’s acid muco- 
polysaccharide stain ; 
reduced approximately 
40% from mag. 680 


purple-stained material, whereas the acid 
mucopolysaccharides are bright blue. 

Photographic presentation of these prep- 
arations reveals that the acid mucopoly- 
saccharides appear as dark masses between 
the elastic laminae. The collagenous fiber 
bundles of the tunica adventitia also appear 
dark but can be differentiated from the acid 
mucopolysaccharides by their position, i. e., 
the tunica adventitia is at the bottom of the 
photograph (Fig. 7). 

The longitudinal section of the thoracic 
aorta of an experimental rat taken at a 
distance to the aneurysmal site reveals that 
in addition to all the pathological changes 
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observed there is an increase in the acid 
mucopolysaccharides. A high concentration 
of this material is observed along the sur- 
face of the elastic laminae (Fig. 8). 

The longitudinal section of the thoracic 
aorta of the experimental rat taken at the 
aneurysmal site reveals a marked increase 
in the acid mucopolysaccharides and a 
greater distribution in the aortic wall than 
in sections taken distant to the aneurysmal 
site (Fig. 9). 

All the pathological changes observed with 
the use of hematoxylin and eosin are in 
evidence in the colloidal iron sections, but in 
addition the following observations concern- 


Fig. 9.—Thoracic aorta 
of an experimental rat 
taken at an aneurysm site 
(compare Figs. 7 and 
8). Note that the increase 
of acid mucopolysaccha- 
rides is greater and more 
generally distributed in 
the aortic wall at an 
aneurysm site than that 
observed elsewhere in 
the aorta (Fig. 8). Col- 
lagenous fibers of the 
tunica adventitia appear 
at the extreme left of 
the photograph. Longi 
tudinal section; Hale's 
acid mucopolysaccharide 
Stain; reduced approxi- 
mately 40% from mag 
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ing the acid mucopolysaccharides are ex- 
hibited: 1. Acid mucopolysaccharides appear 
between the elastic laminae, 2, There is an 
increase in acid mucopolysaccharides in sec- 
tions taken distance to the aneurysm. 3. 
A high concentration of acid mucopoly- 
saccharides is present along the surface of 
the elastic laminae. 4. The increase of acid 
mucopolysaccharides is greater at the aneu- 
rysmal site at which the fibrocytic hyper- 
plasia and hypertrophy occur at their 
maximum. 


Comment 


The histopathogenetic basis of dissecting 
aortic aneurysms produced by Lathyrus 
odoratus feedings is the result of two insep- 
arable processes, destructive elastolysis and 
reparative fibroblastic proliferation. The 
hyperplasia of fibroblasts and the lysis of 
the elastic fibers were observed throughout 
the entire aorta, the pulmonary arteries, and 
even in the coronary arteries of the experi- 
mental animals.* 

The fibroblasts themselves have been con- 
sidered the source of the mucopolysaccha- 
rides of the connective tissues, although the 
metachromatic material of the mast cell 
granules has also been implicated. Bunting 
further states; “To return to the problem of 
the origin of the mucopolysaccharides of 
the connective tissues, certain lines of evi- 
dence would seem to relate the fibroblast 
casually to them.” The large amount of 
metachromatic substance in the sex-skin 
swellings of monkeys is associated with the 
great hypertrophy of the fibroblasts, accord- 
ing to Duran-Reynals, Bunting, and van 
Wagenen.*® 

Although toluidine blue can be employed 
satisfactorily for the identification of sul- 
fated polysaccharides, such as chondroitin 
sulfate, which stains metachromatically, it 
is of less value in the identification of hyalu- 
ronic acid and similar polysaccharides. 
These latter substances do not stain meta- 
chromatically and probably do not contain 
sulfate.” 

Sylven ' emphasizes the fact that the low 
degree of metachromasia of hyaluronic acid 
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renders the use of the metachromatic stain- 
ing reaction for the demonstration of hyalu- 
ronic acid of little value. Meyer," however, 
reports that it is now generally agreed that 
hyaluronate as well as the sulfated muco- 
polysaccharides will stain metachromatically. 
Grishman reports that metachromatic 
stains with toluidine blue and colloidal iron 
stains, before and after hyaluronidase ac- 
tion, applied to various normal tissues pro- 
duced the following results: The aorta 
ground substance, which revealed marked 
metachromasia with toluidine blue, was only 
faintly stained with Hale’s colloidal iron 
stain for acid polysaccharides. The applica- 
tion of hyaluronidase did not influence the 
faintly stained ground substance at all. 
Rinehart and his co-workers* have re- 
ported a modification of the colloidal iron 
method for the histological demonstration 
of acid mucopolysaccharides in tissues. In 
the normal aorta they found a small amount 
of acid mucopolysaccharides in the intima 
and in the elastic fibers of the media. In 
the muscular arteries a small amount of the 
acid mucopolysaccharides was present in the 
intima and frequently was even demonstra- 
ble in the media. Some of this material was 
removed in sections pretreated with hyalu- 
ronidase. An excess amount of acid muco- 
polysaccharides was encountered in human 
arteriosclerosis and also in the experimental 
arteriosclerosis which develops in the rhesus 
monkey as a result of pyridoxine deficiency. 
In this study hyperplasia and hypertrophy 
of the fibroblasts were in evidence through- 
out the vessel walls of the experimental ani- 
mal. At the aneurysmal site marked 
proliferation of the fibroblasts was present. 
The intensity of the colloidal iron stains for 
acid mucopolysaccharides paralleled the in- 
crease of fibroblastic proliferation. It ap- 
pears that the fibroblasts are associated with 
the mechanism of the acid mucopolysaccha- 
rides. 


Summary and Conclusions 


This study shows that the alterations in 
aortic morphology found in the Lathyrus- 
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fed rats are not of a localized nature. This 
conclusion is evidenced by the histopatho- 
logical and histochemical findings present in 
the sections taken from experimental ani- 
mals at a distance from the site of 
the experimentally produced aneurysm. 
Throughout the length of the aorta of the 
experimental animal major pathological 
changes could be observed: (1) fibroblast 
hyperplasia and hypertrophy, (2) elastoly- 
sis, (3) elastic laminar hypertrophy, (4) 
a loss of elastic interlaminar fibrils, (5) an 
increase of acid mucopolysaccharides in the 
ground substance of the tunica media, and 
(6) some hypertrophy of the tunica adven- 
titia. 

This experimentally induced chain of 
consequences suggests a profound metabolic 
involvement which requires further study, 
with a further consideration of the human 
implications of such involvement, 

Dr. David L. Gunberg, of the Department of 
Anatomy, University of Oregon Medical School, 
made contributions to this study, and Mr. Dean C. 
Altman, head of the Illustrations Department of 
the Veterans’ Administration Hospital, prepared 
the photomicrographs. 

Veterans’ Administration Hospital, Sam Jackson 
Park (7). 
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of Pulmonary Hilum 


M. R. ABELL, M.D., Ann Arbor, Mich. 


There are relatively few references in 
medical literature to benign tumors or neo- 
plasm-like of lymph nodes and 
lymphoid tissue. Ewing ' used the term sim- 
ple lymphoma to describe a local persistent 
enlargement of lymph nodes which was 
self-limited and which did not lead to sys- 
temic Tumorous masses of 
lymphoid tissue in the submucosa of the 
rectum or anus have been designated be- 
nign lymphomas? and simple lymphomas.* 
Jackson and Parker* described chronic 
lymphnodal enlargement which resembled 
Hodgkin's disease but which followed a 
relatively benign course. They introduced 
the term Hodgkin's paragranuloma. Har- 
rison® considered this condition to be a 
benign form of Hodgkin's disease, but 
Lumb®* designated it reticular lymphoma, 
which he stated was the most benign form 
of neoplasia of lymphoid tissue. It was 
recognized that the disease may be relatively 
benign initially but that it possesses ability 
to become more aggressive. 


lesions 


involvement, 


In 1954 there was reported * a lymphnodal 
mass from the left mediastinum which was 
interpreted as a form of benign hyperplasia. 
A second case that was thought clinically 
to be a bronchogenous cyst was referred to 
briefly with four similar cases from the files 
of the Armed Forces Institute of Pathology. 
Iverson reported five cases of reactive 
lymphoid hyperplasia of groups of anterior 
mediastinal lymph nodes which had _ been 
called thymomas. The findings in 13 cases 
of localized mediastinal lymph node hyper- 
plasia were reviewed recently by Castleman, 
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Iverson, and Menendez.” They found no 
predominance of either sex, and the ages 
of the patients ranged from 19 to 54 years. 
They thought that this condition was the re- 
sult of a chronic inflammatory process ; but 
they also postulated some local mechanical 
factor involving the vascular system. 


No reports in the literature of benign 
tumorous enlargements of solitary lymph 
nodes of a possible hamartomatous nature 
have been found. 

The occurrence of aberrant thymic tissue 
in the neck due to a failure of the primor- 
dium to descend to its customary location 
is well documented.” There are also a 
few reports of misplaced thymic tissue and 
of heterotopic thymomas within the medias- 
tinum.’:!721 [ntrapulmonic lesions of simi- 
lar nature have been recognized, and a few 
examples have been reported. Gilmour,'* 
in a review of developmental abnormalities 
of the thymus, recorded no intrapulmonic 
example and did not mention the possibili- 
ity. The first report of intrapulmonic thymic 
tissue was by Patterson and Heller,?* in 
1943. The patient was a 10-year-old boy 
who died during tonsillectomy. At necropsy 
a firm encapsulated mass which measured 
8 cm. in greatest diameter was found in 
the hilum of the left lung. It consisted of 
mature thymic tissue and was not considered 
neoplastic. In the anterior mediastinum 
there was a bilobed thymus which weighed 
65 gm. Intrapulmonic thymomas have been 
reported by Castleman and Norris,?* by 
McBurney, Clagett, and McDonald, * and 

by Thorburn, Stephens, and Grimes.25 Two 
of these were associated with myasthenia 
gravis.*** Crane and Carrigan®® reported 
an intrapulmonic mass which they inter- 
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preted as a thymoma, but this interpre- 
tation has been Fontaine, 
Forster, Frank, Stoll, and Holderbach 77 de- 
scribed aberrant thymic tissue which was 
located in the hilum of the left lung and 
contained a benign cystic teratoma. 


questioned.? 


Report of a Case 


The patient, a white girl, was first admitted to 
the University Hospital in 1937, at the age of 
6 weeks, with a diagnosis of bilateral talipes 
equinovarus. A roentgenogram of the chest was 
interpreted as showing minimal hyperplasia of the 
thymus. No evidence of a mediastinal or pulmonary 
tumor was found, The patient was treated in the 
Department of Orthopedics until 1947. She was 
not seen again until November, 1951, when, at the 
age of 14 years, she was admitted for investigation 
of a mediastinal and left hilar mass. This lesion 
had been detected in August, 1951, in the roent- 
genogram of a mobile survey unit. Repeated 
tuberculin tests were negative. Bronchoscopic ex- 
aminations and a left bronchogram showed no 
abnormality. No significant change in the size of 
the mass was observed during three months. The 
diagnosis was descriptive only—a benign spherical 
lesion in the region of the hilum of the left lung. 

By surgical exploration in February, 1952, a 
tumor was found beneath the visceral pleura of 
the left lung in close proximity to the hilar struc- 
tures. Because it could not be removed otherwise 
with safety, a left upper lobectomy was performed. 
No observations were made on the presence of 
thymic tissue in the anterior superior mediastinum. 
There were no enlarged lymph nodes adjacent to 
the tumor. Recovery from the operation was ex- 
cellent. On Nov. 5, 1955, the patient was reported 


Fig. 1—The tumor above and to the right is 
separated from the compressed lymphnodal tissue 
by a zone of fibrous connective tissue. 
and eosin stain; * 40 
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reticuloendothelial 
cells form the basic components of the tumor. The 
“Sex chromatin” can be seen in the nuclei of the 


Fig. 2.—Lymphocytic and 


larger reticuloendothelial cells. Giemsa’s stain; 


1350. 


examination, which included a roentgenogram of 
to be in good health, and the findings of a physical 


Gross and Microscopic Findings 


The specimen consisted of a left upper 
pulmonary lobe with a firm encapsulated 
mass in the hilum adjacent to a bronchus. 
This mass measured 3X 3X2 cm. The cut 
surface was firm and yellowish pink, There 
were no cysts. 

Histologically the mass was surrounded 
by a thin fibrous capsule, beneath which 
there was a compressed zone of lymphoid 
tissue that suggested the remains of a lymph 
node (Fig. 1). The basic cellular elements 
of the tumor were small mature lymphocytic 


masses and whorls 


Fig. 3.—Irregular hyaline 
Hemalum and 


were found throughout the tumor. 
eosin stain: & 50 
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Fig. 4.—The germinal 
center of a lymphoid fol- 
licle is composed of 
reticular and reticuloen- 
dothelial cells. There is 
beginning —hyalinization. 

asson’s trichrome stain; 
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(Vig. 2). The lymphocytes predominated 
and tended to obscure the other cells, which 
were seen best in Giemsa-stained sections. 
There were broad masses and whorled nod- 
ules of relatively acellular fibrous tissue 
throughout the tumor, but these were more 
prominent in the central portion (Fig. 3). 
Lymphoid follicles were present through- 
out the mass and were not considered 
hyperplastic. Many showed central areas of 
fibrosis and hyalinization and thus possessed 
some resemblance to Hassall’s corpuscles 
(ligs. 4 and 5). Lymphocytes were ar- 
ranged in cords about the hyaline centers. 
There was no infiltration by plasma cells, 
eosinophils, or macrophages. Small col- 
lasped blood vessels were numerous in some 
areas and were surrounded by hyaline rings. 
The large hyaline masses and bands ap- 
peared to result from progressive accumula- 
tion of hyaline material about the vessels 
and a fusion with the hyalin of the germinal 
centers, There was no suggestion of a ma- 
lignant lymphoblastoma, and the lesion was 
considered to be a benign tumor. 


Comment 


The human thymus appears during the 
sixth week of embryonic life and consists 


586 


cells and large pale reticuloendothelial cells 


M. A. ARCHIVES OF PATHOLOGY 


of paired primordia derived from the third 
pharyngeal pouches, These primordia are 
designated Thymus III. As they descend, 
they approach the midline caudal to the 
thyroid primordium and are partially united 
to form a bilobed viscus that rests behind 
the sternum in the anterior mediastinum. 
The status of thymic primordia from the 
fourth pharyngeal pouches, Thymus IV, 
is not definitely known. Patten ' considered 
Thymus IV unimportant and inconstant in 


Fig. 5—The “exhausted” germinal center of a 
lymphoid follicle now shows a central mass of 
hyalin. Unless the progressive steps by which this 
stage is reached are fully appreciated, structures of 
this character may be mistaken for retrogressing 
Hassall’s corpuscles. Masson's trichrome stain; 
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man, Gilmour '*** recorded a number of 
examples of aberrant thymic tissue which 
he attributed to Thymus Van Dyke 
found Thymus IV in 10 of 24 human 
fetuses. These observations suggest that 
Thymus IV may be of more significance 
than it has been thought to be in the past 
and that it may give rise to unusual tumors 
in the neck, mediastinum, or even in the 
hilum of a jung. 

In the reports of intrapulmonic thymic 
tissue by Patterson and Heller ** and Fon- 
taine et al.27 it was stated that normal 
bilobed thymuses also were present in the 
anterior superior mediastinum. The intra- 
pulmonic thymoma reported by Castleman 
and Norris ** (Case 2) was found at ne- 
cropsy after the mediastinum had been ex- 
plored and normal thymic tissue removed 
from the anterior compartment. These ob- 
servations suggest that intrapulmonic thymic 
tissue is derived from elements other than 
Thymus II}. The logical assumption would 
be an origin from Thymic IV primordium 
which had been carried caudally to the 
pulmonary hilum by the developing tracheo- 
bronchogenous system. The report of a 
benign cystic teratoma within aberrant in- 
trapulmonic thymic tissue by Fontaine et 
al.** supports the theory of origin from the 
primordium of Thymus IV and militates 
against the possibility of simple sequestra- 
tion from Thymus III. Although most of 
the intrapulmonic masses of thymic origin 
have been called thymomas, some may not 
represent true neoplasms **:*? and might bet- 
ter have been called choristomas.” 

The tumor which is reported here did not 
possess the features of any recognized form 
of lymphoma or malignant lymphoblastoma. 
The changes were not those of hyperplastic 
lymphadenitis, and there was absence of ac- 
tive inflammation. The presence of plasma 
cells was stressed in an example of unusual 
lymphnodal hyperplasia which re- 
ported.’ The five cases of reactive hyper- 
plasia reported by Iverson * involved groups 
of anterior mediastinal lymph nodes and 

were characterized further by the presence 


4 bell 


THYMIC CHORISTOMA 


of plasma cells, eosinophils, histiocytes, and 
some giant cells, Such cells were incon- 
spicuous or absent in the tumor of this re- 
port, and the adjacent lymph nodes were 
not enlarged. 

In addition to the inflammatory cellular 
infiltration, Castleman et al.® stressed capil- 
lary proliferation. Numerous collapsed ves- 
sels ringed by hyalin were prominent in 
the present tumor, and there also were large 
anastomosing hyaline masses throughout the 
lesions. This feature was either minimal or 
absent in the cases reported by Castleman 
et al.” 

The lesion reported here initially was 
considered to be of thymic origin and to 
represent an intrapulmonic thymic chori 
stoma, but, on closer scrutiny, the resem- 
blance to thymic tissue seemed superficial 
and inconclusive. The structures that sug- 
gested Hassall’s corpuscles were considered 
to be hyalinized lymphoid follicles. Various 
stages in the transition from relatively nor- 
mal to markedly hyalinized follicles could 
be detected. Although the possibility that 
the tumor represented a thymic choristoma 
could not be excluded with certainty, origin 
from lymphnodal tissue was considered the 
preferable explanation. The presence of 
compressed lymphoid tissue between the 
fibrous capsule and the tumor strongly sup 
ported such an origin. 

The morphologic features of this case 
seem to emphasize the necessity for critical 
observation and interpretation in consider- 
ing the classification of possible heterotopic 
derivatives of Thymus IV, 


Summary 


An unusual benign tumor from the hilum 
of the left lung of a 14-year-old girl is 
reported. The possibility that the lesion 
was 4 thymic choristoma is considered and 
reports of intrapulmonic thymic tissue are 
reviewed, The resemblance to such a lesion, 
however, seemed superficial and uncertain, 
the tumor was considered to be of 
no active 


and 
There was 


lymphnodal origin. 
inflammation, and the mass did not resemble 
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any of the usual forms of hyperplastic 
lymphadenitis or of the less aggressive 
lymphoblastomas. Therefore the features of 
the tumor were considered to be indicative 
of a hamartomatous structure rather than 
of a true neoplasm or of an inflammatory 
process, It was classified as a lymphnodal 
hamartoma. This case serves to emphasize 
the need for critical appraisal in the inter- 
pretation of possible heterotopic derivatives 


of Thymus IV. 


Department of Pathology, University of Mich- 
igan Medical School 
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News and Comment 


ANNOUNCEMENTS 


Course in Advanced Oral Pathology.—The Dental and Medical Faculty of the 
University of Minnesota will present a course in Advanced Oral Pathology during the week 
of April 28 through May 2, 1958. Both lectures and pathologic slide study will be included. 
Microscopes will be provided. The material presented will include neoplastic and non-neoplastic 
diseases of the salivary glands, neoplasms of dental origin, bone pathology, soft-tissue neo- 
plasms, dermatologic pathology, diseases of the lymphoid system, and oral roentgenographic 
evidence of systemic disease. 

The faculty wil! include Dr. Robert Lukes, Armed Forces Institute of Pathology; Dr 
Db. C. Dahlin and Dr. Edward Stafne, Mayo Clinic; Dr. Robert Goltz, Medical School, 
University of Minnesota; Dr. Anand Chaudhry and Dr. Robert J. Gorlin, School of Dentistry, 
University of Minnesota 

The tuition will be $50 for the week. If room and board at the Center for Continuation 
Studies are desired, the cost for the week will be about $50. 

Interested persons will please contact Dr. Robert J. Gorlin, Chairman, Division of Oral 
Pathology, School of Dentistry, University of Minnesota, Minneapolis, for further information 


Courses at Walter Reed Army Institute of Research.— Ihe following courses will be 
held at the Walter Reed Army Institute of Research, Walter Reed Army Medical 
Center, Washington, D. C.: Review of Neuroanatomy and Neurophysiology, Feb, 10 to 
22, 1958; Application of Histochemistry to Pathology, Dec. 2 to 6, 1957; Pathology of 


the Oral Regions, March 24 to 28, 1958, Address inquiries to Department of the Army, 
Office of the Surgeon General, Education & Training Division, Washington 25, D. C. 
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Books 


Virus Diseases and the Cardiovascular System: A Survey. 
Price, $5.75 


By Ernest Lyon, M.D. 


Pp. 215, with no illustrations. Grune & Stratton, Inc., 381 Fourth Ave., 
New York 16, 1956. 


A short introduction to virus and rickettsial diseases, with special reference to the cardio- 
vascular system, is followed by a brief presentation of the clinical features, pathology, and often 


treatment of various infections caused by viruses or rickettsia. Evidence of injury to the 


cardiovascular system is limited to observations made at the bedside and to changes seen in the 
ECG. Lesions in the cardiovascular system found in biopsy or autopsy material are described 
for a few infections. Little reference is made to veterinary or experimental virology and 


pathology. The book may serve as a stimulus for further studies, but it is too limited in scope 
to be of much value to the clinician or investigator 


Clinical Urology for General Practice. By Justin J. Cordonnier. Price, $6.75. Pp. 252, 
with 47 illustrations. The C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3, 1956. 
This book treats the commen urologic problems, with special emphasis on diagnosis and 
therapy. The chapters on obstructive uropathy, neoplasms and infections of the genitourinary 
tract, urinary calculi, female urology, and congenital abnormalities include material of interest 


to many in pathology. It is clearly presented in a concise form and includes recent trends as 
well as progress made in these areas. 


A. M. A. Scientific Exhibits 1956. Sponsored by Council on Scientific Assembly, 
American Medical Association. Price, $10. Pp. 411, with many illustrations. Grune & 
Stratton, Inc., 381 Fourth Ave., New York 16, 1956. 

This is the second volume of the series of A. M. A. Scientific Exhibits. Although considerably 
smaller than the first volume, it contains a large variety of interesting exhibits from the various 
sections. It will be of interest to those who did not get to see the exhibits or to those who 
prefer to see them under more leisurely conditions. Although every exhibit was not photo- 


graphed, more than fifty are included in this volume, as well as a few of the commercial 
exhibits 


A Textbook of Histology. Hy Alexander A. Maximow, M.D., and William Bloom, M.D. 
Price, $11. Pp. 628, with 1082 illustrations. W. B. Saunders Company, 218 W. Washington 
Sq., Philadeiphia 5; 7 Grape St., Saftesbury Ave., London, W. C. 2, 1957. 

This is a significant revision. Electron microphotographs have been added throughout the 
book. These are well selected and conform to the high standards of illustration for which this 
book is known. The text has been changed to include new concepts, including those suggested by 
electron microscopy. Revision has included not only the addition of new material but also 


judicious deletion. One rather surprising omission is the failure to include recent work on the 
mast cell. 


The Thyroid: Brookhaven Symposia in Biology No. 7. brookhaven National Laboratory. 
Price, $1.75. Pp. 271, with 56 illustrations. Office of Technical Services, Department of 
Commerce, Washington 25, D. C., 1955 

This volume is a report of the symposium held at Brookhaven National Laboratory, 
where well-known scientists collected to discuss problems of the thyroid. Papers are presented 
by fifteen different scientists, and, as might be expected, there is some overlap of material and 
some variation in the readability from section to section. Despite this, in several papers there are 
significant contributions in the field, and in every paper one can find a great deal of thought- 
provoking material. Examples of this include Dr. Taurog’s concept of the conjugation and 
excretion of thyroid hormone by the liver, which he suggests as a possible mechanism for 
disposing of excess thyroxin; Dr. Astwood’s concept that the mechanism of action of many 
antithyroid drugs may be their interference with the action of peroxidase and subsequent 
prevention of the conversion of iodides to inorganic iodine; Dr. Gross’ concept that triiodothy- 

ronine is the substance which enters cell and exerts the ultimate thyroid action, and Dr. H. 
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Lardy’s concept that the active hormone may act intracellularly in the form of a metal chelate. 
For those interested in the most recent advances in thyroid endocrinology, the reading of this 
book will be particularly rewarding. 


Congenital Anomalies of the Viscera: Their Embryological Basis. By J. L. Bremer, M.D. 
Price, $5. Pp. 202, with 84 illustrations. Harvard University Press, Cambridge 38, Mass., 
1957. 

This book admirably does what it purports to do; that is, it fills in the gap between the 
understanding of normal embryology as grasped by the average medical student and the under- 
standing of abnormal embryology which confronts the practicing physician as a maze of 
congenital malformations, Of particular interest is the section on congenital heart disease, with 
its excellent presentation of abnormalities of septalization, rotation, and aortic arch development. 
Abnormalities in the development of other viscera are also well handled. However, in order 
properly to digest this book, one must either have a good working knowledge of normal 
embryology or, as is the case with the average doctor, he must briefly review embryology. The 


rewards are worth this effort. 


Bladder Tumors: A Symposium. By Victor F. Marshali, M.D., et al. Price, $4. Pp. 92, 
with 49 illustrations. J. B. Lippincott Company, 227-231 S. 6th St., Philadelphia 5, 1956. 
This symposium is oriented toward the urological surgeon rather than the pathologist. The 

bulk of the material is concerned with operative treatment of urinary bladder tumors. There is, 

however, considerable prognostic material of interest to the surgical pathologist. 


A Textbook of Surgical Pathology. By Charles F. W. Illingworth and Bruce M. Dick. 
Price, $14. Pp. 730, with 322 illustrations. Little, Brown & Company, 34 Beacon St., 
Boston 6, 1957. 

While many constructive revisions have been made in this picneering textbook of surgical 
pathology, certain deficiencies remain. The photomicrographs are generally of poor quality 
Outmoded nomenclature still persists in the section on melanoma. The book is primarily directed 
to the medical student and the young surgeon As such, it tends to be overly ambitious in 
its scope, including chapters on general pathology and most of the subspecialties in surgical 
pathology. There is a proportionately large quantity of material on musculoskeletal disease, 
well illustrated by gross, radiologic, and histologic material. 


Lehrbuch der speziellen pathologischen Anatomie. [}y Eduard Kaufmann. Price, not 

given. Pp. 173, with 78 illustrations. W. de Gruyter, Genthiner Strasse 13, Berline W. 

35, 1957. 

This book constitutes the second part of Volume III of the new Kaufmann. It deals with 
the diseases of the cerebrospinal system. After a discussion of general reactions and various 
degenerative processes by Peters, the abnormal metabolism and pigmentations of brain and 
spinal cord are described by Volland. This is followed by an extensive study of various 
inflammatory processes by Peters. Included in the first part is a valuable discussion of various 
artifacts occurring during and after the removal of the brain as brought about by poor fixation, 
by excessive use of water in the removal of the brain, during embedding, and as a result of 
staining with various silver methods. 

Hand-Schiiller-Christian disease is mentioned among the lipoidoses as a special entity, and 
amaurtic idiocy is presented in correlation with Niemann-Pick disease. Among inflammatory 
diseases those caused by viruses have been well documented. However, no mention is made of 
encephalomyocarditis, perhaps because of some reports denying its occurrence in man, Also, 
rickettsial encephalitis is well discussed. Multiple sclerosis is classified among demyelinizing 
myelitides 

The volume is well written with seventy-eight good illustrations. This reviewer finds the 
discussion of possible causes of a number of diseases of obscure etiology too detailed, where a 
concise statement of various possibilities, including the author's opinion, would be preferable. 
This book can be recommended because of its clarity and completeness. 
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Experimental Psychology and Other Essays. ly |. P. Pavlov. Price, $7.50. Pp. 653, 
with 4 illustrations. Philosophical Library, Inc., 15 E. 40th St., New York 16, 1957. 


This book is an anthology of some basic writings of the Nobel laureate, Russian physiologist 
Ivan Petrovich Pavlov. The contents are loosely grouped into twelve sections. The first 
section contains a paper by Kh. S. Koshtoyants, evaluating Pavlov’s research, and a short 
autobiography by Pavlov. The last section consists of selected short stenographic records of 
remarks made by Pavlov at the weekly Wednesday meetings at the Institute of Physiology in 
the 1930's. A total of sixteen papers is included in sections 2 to 6. These are mostly experi- 
mental reports of Pavlov's earlier work on trophic innervation, digestion, the condidioned 
reflex, and functional localization in the cerebral cortex. Sections 7 to 11 also include sixteen 
papers. About half of these are reports of Pavlov’s later work on experimental neuropathology, 
sleep, and experimental therapeutics. The remaining half are discussions on the theory of types 
of higher nervous activity and the relationship of physiology to psychology and of physiology 
to psychiatry. Brief notes and comments on the papers of Sections 2 to 12 are grouped at the 
end of the book. These notes and comments identify the sources of the papers selected and 
clarify some of the terms used. There is no index or bibliography. The translators of these 


papers are not identified. Three portraits of Pavlov and one picture of his home, now a 
national museum, are included, 


Pavlov's work on digestion and conditioned reflex are well known. Less well known are 
his later studies on neuropathology. He identified different neural types in his dogs, which 
in turn are differentially susceptible to experimental neurosis. The neurosis is but a result 
of an abnormal state of cerebral excitatory and inhibitory processes. Based on these facts, 
Pavlov suggested a rationale for treatment of mental diseases. In several theoretical papers 
he considered that both psychology and psychiatry should not be separated from physiology. 
Pavlov's original papers on these topics are well represented in the present book. In addition 
the book also includes Pavlov’s severe criticisms of Gestalt psychology, Sherringtonian 
neurology, and the works of Claparéde, Pierre Janet, Kohler, Lashley, and others. From his 
polemical remarks against idealism and vitalism and his confidence that the concept of condi- 
tioned reflex is the key to the physiology of higher nervous activity, to psychology and 
psychiatry, one may gain some insight not only into Pavlov as a man but also into how his 
teaching might be used as the official doctrine for the biological sciences in Soviet Russia. 


Diagnostic Procedures for Virus and Rickettsial Diseases. By 21 co-authors, Committee 
on Diagnostic Procedures for Virus and Rickettsial Diseases, American Public Health 


Association. Price, $7.50. Pp. 578, with 47 illustrations. American Public Health Asso- 
ciation, 1790 Broadway, New York 19, 1956. 


The second edition, published eight years after the first edition, brings up to date this 
rapidly expanding field. Each of the twenty-one contributing authors is an outstanding 
investigator in his respective area. Chapters on the general principles of laboratory diagnosis 
and on tissue-culture methods have been added. Information on Coxsackie, ECHO, adenoviruses, 
and other viruses identified since the previous edition is included, In introductions to most 
chapters the authors have written reasonably detailed accounts of the clinical features, mode 
of transmission, and pathogenesis of the various infections. Thus the volume is more than an 
excellent manual of laboratory procedures. The book is not one of research methods; in most 


instances the procedures emphasized are those considered most useful and practical in 
diagnosis of a disease entity. 


Lymphatics, Lymph and Lymphoid Tissue. By Joseph Mendel Yoffey and Frederick 
Colin Courtice. Second edition. Price $10. Pp. 510, with 99 illustrations. 
University Press, Cambridge 38, Mass., 1956. 


Harvard 


This new edition of a classical monograph first published in 1941 constitutes a significant 
revision. The chapters dealing with lymph formation and movement, written in the previous 
edition by the late Dr. Drinker, are now the work of Dr. F. C. Courtice. The original organi- 
zation of material has been retained to a large extent, but a number of alterations have resulted 
in a more orderly presentation. Although this edition is about twenty per cent larger than 
the first, the authors have succeeded in keeping the hook reasonably short and readable. Most 
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of the important advancements in understanding of capillary structure and permeability, lymph 
formation, and functions of lymphoid tissue in normal and pathological conditions have been 
incorporated. Rapid progress in this field has made several sections somewhat outdated, but 
this does not detract from the value of the book. The illustrations have been improved, and the 
use of glossy paper has resulted in a more compact book. The fundamental principles outlined 
facilitate clinical-pathological correlation of diseases affecting lymphatics, lymph, and lymphoid 
tissue. 


Textbook of Pathology, with Clinical Applications. By Stanley L. Robbins, M.D. Price, 
$18. Pp. 1351, with 933 illustrations. W. B. Saunders Company, 218 W. Washington Sq., 
Philadelphia 5, 1957. 

This textbook of pathology is well written in a readable style, largely by a single author 
Beginning with abnormalities of cell growth, approximately the first third of the book covers 
general pathology. It includes a consideration of neoplasia. Systemic diseases are presented 
in their entirety and not fragmented in the several organ systems. Related diseases are 
frequently grouped, as the collagen diseases and the diseases of infancy and childhood. The 
chapters on individual organs or systems are in a logical sequence, with a uniform coverage. 

Each chapter is divided into four sections: an outline of lesions, relevant normal features 
of the tissues or organ, the major pathology, and an extensive clinicopathologic correlation. 
The fourth section of each chapter relates the pathology presented to the current over-all 
framework of medicine. This is a strong feature of this book and is particularly timely, as 
ne recent textbook of pathology has similar emphasis on clinicopathologic correlation, The 
pathologic descriptions are not encyclopedic. The general organization and the use of special 
type for the morphology makes the material readily available. The microscopic lesions are 
occasionally presented first where they make the gross alterations more understandable. Where 
items are listed, brief generalizations are frequently added to aid in making the association 
meaning ful. 

The text is amply illustrated with black-and-white photographs; however, the technical! 
quality especially of the photomicrographs is variable. References are minimal and are offered 
as collateral reading rather than documentary evidence of the material presented. 

This book is a timely addition to the available textbooks of pathology. It will be useful to 
both students and pathologists. It is an effective aid in understanding disease processes, rather 
than a shelf reference. 


Modern Therapy in Neurology. by Francis M. Forster. Price, $12. Pp. 792. The C. V. 
Mosby Company, 3207 Washington Blvd., St. Louis 3, 1957. 

This book should be useful as a companion volume to any of the standard textbooks of 
neurology. In addition to outlining the various medications of value, as is customary in neurologic 
textbooks, which must devote their major effort to diagnostic and descriptive material, there 
is intensive treatment of the intricacies of the adjustment of medication to the individual pa- 
tient and to general problems of management. The chapters on myasthenia gravis and epilepsy 
are especially noteworthy in this regard. 

As each chapter is written by a different author, the common factors of the general care 
of a patient with profound neurologic disability and of his rehabilitation are repeated in 
several sections. This redundancy is compounded by a full chapter on rehabilitation, However, 
as this book will usually be read in reference to a specific problem, such repetitions probably 
have advantages which outweigh the disadvantages. 

The book also contains chapters on cerebrovascular diseases and tumors that are most 
informative and relatively unique in terms of content. 


The Investigation of Death: An Introduction to the Medicolegal Criminal Investigation 
for the Police Officer. By Donald Karl Merkley, M.D., Med. Sc.C. Price, $4.50. 
Pp. 150, with 34 illustrations. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., 
Springfield, 1957. 

This book is one of the Police Science Series and is basically a medicolegal text written 
for police officers and nonmedical investigators. It is written in relatively simple language and 
avoids technical medical terms, but where technical terms are used they are adequately 
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explained. This is not intended to be an exhaustive work for consultation use but is a primer 
for police investigators to acquaint them with medicolegal investigative techniques. The ma- 
terial is organized into chapters and includes the following subjects: deaths and medicolegal 
organizations; the autopsy; identification; the signs of death; blunt-force injuries; asphyxial 
deaths; gunshot wounds; stab wounds and cutting wounds; medicolegal conditions peculiar to 
women and infants; handling of evidence; blood stains, and toxicology. The police investigator 
will learn much about what to look for in the investigation of death and what to expect and 
not expect from the pathologist in the way of information contributory to the death inquiry, 
Physicians not trained in forensic medicine will also benefit greatly by reading this text. 
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A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


LABOLUX 


iABOLUX 
crography with LEICA. 7 


monocular tube 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory. 
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LEITZ, INC., DEPT. AP-1! 
468 Fourth Ave., New York 16, N. Y. 


Please send me the Leitz LABOLUX brochure 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 


appeared in TODAY’S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 


ond ene available Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 


in one pamphlet. by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 


ALCOHOLISM 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 


by Lewis Inman Sharp 
an 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today, 


its development and correlation with personality factors, 
by Walter L. Voegtlin 


proble INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


Comparative differences, in drinking, with 

in today S living the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 


(HE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 


8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES” 


A discussion of the dangers of mixing alcohol and ba® 
biturates. 
Donald A. Dukelow 


4 pages, 10 cents 
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AMERICAN MEDICAL ASSOCIATION 
'535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
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Colorimetric Method 


For details, see Ferro-Ham article, “A Simple Spectrophotometric 
Method for the Determination of Caicium’’—Technical Bulletin of the 
Registry of Medical Technologists, July, 1957. 


Eliminates visual errors... highly reproducible and accurate 


This important advancement in determination of caicium 
saves laboratory time. Based on the Ferro-Ham technique, 
later improved by the authors, the complete test takes less 
than one hour. 

Visual errors are eliminated through accurate calibrated 
readings —and the final color remains stable for several 
days. The method is highly reproducible. Spectrophoto- 
metric or colorimetric readings eliminate end point estima- 
tion errors found in titration procedures. 


30 minutes. 


2. Centrifuge precipitate — decant supernatant. 


3. Add Isopropy! Alcohol Reagent—centrifuge — decant 
supernatant. 


4. Add Versene Reagent—read color in spectrophotometer 
or colorimeter at 520 mu. 
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Other thromboplastin preparations may give 
acceptable prothrombin time results in the nor- 
mal range, but only Simplastin hits the “bull's- 
eye” in the therapeutic range where clotting 
factors are greatly reduced. Simplastin, the 
pre-extracted thromboplastin-calcium, is multi- 
controlled to give you reproducible results, to 
ive the clinician a reliable basis for anticoagu- 
ant therapy. 


The Crucial Test for the Patient’s Safety. You 
can perform a simple test to prove Simplastin’s 
reliability. First, test three different vials of 
Simplastin with a single plasma of a patient on 
anticoagulant therapy (above thirty seconds). 


Then repeat, using the same plasma and three 
vials or ampuls of any other thromboplastin 
preparation. You will find that only Simplastin 
gives reproducible results time and time again, 
assuring accurate regulation of anticoagulant 


dosage. Simplastin is carefully standardized 
against both normal and dicumarolized plasma, 
whole and in 12.5% dilution. 


Easy to Prepare. Simplastin is ready for use by 
just adding distilled water—each vial contains 
the correct amounts of calcium chloride and 
sodium chloride. No time-consuming, error- 
producing extraction is necessary. 


Available in boxes of ten 6-determination and 
20-determination vials from leading laboratory 
supply distributors. 


Simplastin 


maximum accuracy 
minimum work 


u 
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about it from my colleagues. Without obligation on 
my part, please send me three 20-determination vials 
of Simplastin. 


NAME 


LABORATORY 
ADDRESS 


ciTy STATE. 


(0 Please furnish name of nearest distributor. 


A 
fresh pooled human plasma 
4 
WARNER-CHILCOTT 


Low Coat 
FOR FILING 


MICROSCOPIC SLIDES 3 x 1” 
KODACHROME TRANSPARENCIES 
2x 2” SLIDES 
LANTERN SLIDES 

(up to34%x4\%) 
PETROGRAPHIC SLIDES 
When you purchase a 
PARAGON TRAY DRAWER CABINET 
YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18™% x 154 x 4% 


All Paragon Tray Drawer Cabinets are 
manufactured in standard sizes so that any 
number of sections may be interlocked to 
form one cabinet to accommodate any num- 


ber of varied slides. The dimensions of the 
different cabinets are the same as to length 
and width, varying only in height. The 
cabinet formed by interlocking may be 18% 
x 1534; 18% x 11 or 18% x 5 or it may be 
a pyramid with the sections varying in 
width. 
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SPECIFICATIONS: Ali Paragon Tray Drawer Cabinets are made of reinforced steel 
construction, olive green finish. Interlocking device enables several units to be joined into 
one. Each sectional unit contains removable drawers with hand grip in front and rear. 
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